The Strawberry



Howard 17 (Premier), the great strawberry of the first half of the
20th century. Though not so firm and not so tart or so well
adapted to freezing and preserving, and not so widely grown, it
was larger, more productive, better in fresh flavor, much more
resistant to several diseases than most other varieties. Its germ
plasm is in most American varieties now grown. Approximately
half size. (Unless specified, strawberries in plates are full size.)
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Foreword

THis BoOK is the result of collaboration between Dr. George M. Darrow,
who is recognized as the foremost American authority on strawberries, and
a group of other strawberry experts both here and abroad. It is published
under the auspices of the New England Institute for Medical Research be-
cause of the Institute’s interest in basic research in genetics which includes
plants as well as animals. As a part of its program of interdisciplinary basic
research, projects have been and are currently being pursued on the effects
of radio frequency energy on germination of gladiolus bulblets, on genetic
mechanisms in dividing cells of garlic root tips, and in germ cells of the fruit
fly, Drosophila, in addition to cytogenetic studies of strawberry hybrids—the
latter in conjunction with the Wallace Genetic Foundation.

It has been my privilege and great pleasure to serve as liaison agent be-
tween the various contributors, author, publisher, engravers, and sources of
information and illustrations. Although it is impossible to recognize indi-
vidually all those who have aided in one way or another, I am glad to give
credit to those who have assumed major responsibility for various phases of
the book.

First of all, Mr. Charles A. Madison, former Managing Editor of the
College Department of Holt, Rinehart and Winston, Inc., has served as
editor. His tireless efforts have been indispensable and invaluable. Mr.
Hermann Kessler, Art Director of Field & Stream, has prepared and super-
vised the production of all color plates. His personal interest and devoted
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efforts are greatly appreciated. Major credit is due Mr. Walter Von Egidy,
President of Graphic Color Plate, Inc., whose craftsmen were responsible for
engraving and printing the color plates; two other members of this firm must
be thanked for their diligent and sympathetic assistance: Mr. O. C. Anderson,
General Sales Manager, and Mr. Gerald K. Brown, Office Manager. The book
has been designed by Mr. Ernst Reichl.

Among those especially helpful in research on historical features we
must thank Dr. Alicia Lourbeig, Maitre des Recherches, Jardin des Plantes,
Paris; Mrs. Elizabeth Hall, Associate Curator of Education, The New York
Botanical Garden; Dr. William Stern, British Museum of Natural History;
Mr. Charles Dyson, Scarsdale, New York; Mme. G. Duprat, Bibliotheque
Centrale du Muséum National d’Histoire Naturelle, Paris; Mr. H. Jonkers,
Horticultural Laboratory, Wageningen, Netherlands.

GEORGE H. MICKEY, pH.D.
Cytogeneticist, New England
Institute for Medical Research
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Preface

THE EVOLUTION of the strawberry from a wild to a cultivated plant can be
illustrated in many ways, each contributing details toward the completion
of the whole picture. Contrasts can be made between the size of fruit borne
by wild and cultivated varieties, or the extent of the crop in 1850, 1900,
and 1960. The breeding of better varieties can be traced back from present
forms to their ancestors of much earlier times. What is known of character
inheritance can be presented, along with the aims and methods of breeders
who succeeded in obtaining better varieties. All these ways can help to
explain how today’s varieties originated, and each may suggest possible
future improvements.

The objectives of this book can be understood best perhaps by the
fact that it is designed to be what I would like to have available for my
use, if I were starting a breeding program now; as such it is meant to
serve others, just as Dr. S. W. Fletcher’s book of nearly 50 years ago served
me. By providing a helpful background, it is designed to follow the ex-
amples of Lambertye, Goeschke, and Millet, 75 to 100 years ago, and of
Duchesne 200 years ago, all of whom offered the results of their study to
aid the advance of others, and to add to the general body of knowledge.
This book is designed to acquaint the reader with the strawberry, its origin
and appearance, the structure of its fruit and plant, where and how it was
developed and by whose hands, who is working with it now, and what can
be expected of it. Will it continue as a major fruit? What are its weaknesses
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and its strong points? Is it worthwhile? How can we best take advantage
of the present ease of interchange of ideas and germ plasm?

As answer to some of these questions, the book covers the early his-
tory of the strawberry in a review by Miss Vivian Lee, wherein we are
made observers of the strawberry’s slow evolution prior to the time when
explorers of the New World searched for novel plants, and its dramatic
progress, following the discovery of two new species, to the point where
it became an important crop. In addition, the botany and early varieties
of the strawberry are reviewed, in order that one may understand just how
it progressed, in terms of intrinsic value, to its present status as a com-
mercial crop, and may upon such understanding initiate a search for new
qualities and, through them, further improvements. Serving a similar func-
tion are the chapters on morphology and physiology of the strawberry, its
cytology, and the present sources of superior qualities. A considerable part
of the book is assigned to present varieties, those who bred them, and the
work being conducted at the experiment stations in the United States and
other countries.

My association with various people in the preparation of this book has
been pleasurable and of great help; with Miss Lee, who searched out the
strawberry’s early history; with Dr. Reed, an enthusiastic botanist of culti-
vated plants; with Dr. Bringhurst, who has led the research in California,
where strawberry production competes for labor in a highly industrialized
region; and with Dr. Hondelmann, who has wriiten of the work of the
Sengana Institute in Hamburg, Germany, where he is actively engaged in
breeding, and from which successful varieties already have been intro-
duced. And, of course, with those scores of breeders who are presently
active who have been most generous in describing their work and in
furnishing data and illustrations. I hope that I have presented their view-
points correctly.

Thanks are due especially to Mrs. Neumann, my secretary for many
years in the U.S.D.A., for her diligent typing of the manuscript; to Mr.
William Reiss for his patience in obtaining many of the photographs; and
to my associates in the berry breeding work of the U.S.D.A., who have dis-
cussed many of the problems of breeding with me. Also I must thank Mr.
John Meader, who helped to organize the manuscript. I wish to thank my
wife, Grace, especially for permitting the use of the dining room table
for many months as an extension of my desk. Finally, I am deeply grateful
to Mr. Henry Wallace for his penetrating questions and stimulating
suggestions.

October, 1965 GEORGE M. DARROW
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I

Introduction

by Henry A. Wallace

I AM DELIGHTED to write, by way of introduction, the first chapter of this
book about strawberries because I have been curious about and have loved
the strawberry plant ever since I ordered my first plants as a high school
boy more than sixty years ago. Moreover, it has been a rare privilege to
know intimately for many years one of the great strawberry experts of the
world, Dr. George M. Darrow.

The problem of tracing the history and ancestry of strawberries is very
difficult because there are so many kinds which are so similar in appearance
and so distant in ancestry. Evolution from the ancestor of the wild straw-
berry of Europe to the wild strawberry of Eastern America, probably re-
quired hundreds of thousands of years; derivation of the wild strawberry
of Chile may have required even longer.

The ordinary wild wood strawberry of Europe, the fraise des bois or
vesca, is rarely tasted today except by epicures. And yet in the 1400’s, as
Mary Wallace Bruggmann briefly elaborates, this wild European wood
strawberry was highly esteemed in religious art. The first person really to
understand the relationship of this wild European strawberry to the wild
American strawberries was Antoine Duchesne, a young French boy of the
Court of Louis XV. His observations are fully described for the first time
in English in a fascinating way by Vivian Lee in this book. He had a ring-
side seat when the modern large-fruited strawberry, based solely or almost
solely on blood from North and South America, was brought together for
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4 The Strawberry

the first time in Europe in the mid-1700’s. Without this European work,
which combined North and South American strawberries, our modern
strawberry would not exist.

The mild maritime climate of Chile produced a non-hardy type of
plant and the severer North American climate resulted in a plant more
adapted to heat, drought, and cold. The possible permutations and com-
binations in the third, fourth, fifth, and sixth generations from the cross
were infinite. For nearly a century this hit-and-miss work was done in
Europe, and the first large-fruited, good tasting, but not very hardy, straw-
berries were grown chiefly in Northwest France, Holland and England.
Although there is no historic record of the event, ship captains undoubtedly
brought this new, large-fruited strawberry, which was commonly called
pine or Ananas, to the American colonies in the 1760’s or 1770’s. There
other doses of the wild North American strawberry were put in to make
the North American large-fruited variety somewhat more hardy and more
acid than the European large-fruited strawberry.

During the past 130 years many Americans have tried by repeated
crossings to get more productive, more disease-resistant, better-tasting and
larger-fruited strawberries. Doctor Darrow knows more about these men
than anyone else, having studied their efforts for more than fifty years.
He himself has produced many new varieties. He has observed year after
year that no other plant is more sensitive to minute changes of environment,
especially day length and temperature.

He has been deeply impressed with the fact that the mild, cool, coastal
climate of California, benefiting from irrigation, produces nearly half the
strawberries of America from April to December. The original breeding in
California was done by Harold Thomas and Earl Goldsmith beginning in
1929. They wanted a large, firm berry which could be picked one-fourth
green and which could stand shipping to the east coast. To do the job,
they relied on the recombinations resulting from crossing two Massachusetts
sorts, Howard 17 and Marshall, one Ohio variety known as Nich Ohmer,
and a British kind known as Royal Sovereign. George Darrow had furnished
several fundamental sorts based on Howard 17 and Royal Sovereign. Vari-
ous other varieties were included also but these four varieties have been
the backbone of California strawberry breeding. Many thousands of seed-
lings have been produced and careful selections of the best have been made.
The result has been an unusual commercial triumph in the big city markets
of the United States. The size is big and the flavor is moderately good,
although not the best. If supremacy in the market is the criterion, Harold
Thomas and Earl Goldsmith and their successor, Royce Bringhurst, must
be given first prize.
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From late December until March, nearly all the strawberries coming
on the American big city markets are Florida 90, originated in 1948 by
Dr. A. N. Brooks at Plant City, Florida. Florida 90 is one-half Missionary,
which was a chance seedling picked up near Norfolk, Virginia, about 1900
by Mr. Gohn. While Missionary is better adapted to the Tropics than any
other large-fruited strawberry, it has never done well in California. Mis-
sionary gave Florida 90 its tropic adaptation, but Florida 90 is larger and
has a better flavor. While the male parent is not known, Florida 90 behaves
as if the father might have been Klonmore. Florida 90 in the northeastern
city market usually is better flavored than either the California berries or
Missionary.

Outside of California and Florida, large-fruited strawberry breeding
in the temperate areas of the world has been based on different varieties
and theories. The one variety used more than any other in the United
States has been Howard 17, originated by A. B. Howard, who died in
Belchertown in western Massachusetts in 1907. More than a hundred years
ago Howard learned to love strawberries from some of the Perfectionists
who remained at Putney, Vermont, while he was still a high school boy.
To Howard belongs the credit for recognizing the sturdy vigor of a variety
called Crescent. Howard used Crescent again and again because it had no
pollen and therefore was easy to cross. I remember growing Crescent as a
boy and discarding it for lack of flavor. Howard kept it because of its great
vigor and hardiness and ease of crossing. Crescent was the backbone of the
success of A. B. Howard as a strawberry breeder.

Crescent was a combination of the first American bred variety called
Hovey with one of the forms of the wild strawberry of eastern United
States. Parmalee, the man who found the Crescent near his home in 1873,
lived near New Haven, Connecticut. Hovey was originated in 1834 by
C. M. Hovey, who lived near Boston, Massachusetts. Hovey was produced
by crossing the most popular British variety of the early 1800’s, Keens
Seedling, probably with Methven Scarlet which was rich in the wild North
American blood. Hovey was a man of learning associated with intellectuals
of Boston; Howard was a dirt farmer, but he nevertheless associated with
idealists, writers and college professors of western Massachusetts.

Dr. George Darrow and Mr. George Slate at the New York Agricultural
Experiment Station recognized the importance of Howard 17 for breeding
purposes. In nearly all strawberries north of Florida, Howard 17 is found
to the extent of at least one-fourth. More than any one man, George Dar-
row recognized the high importance of the combination of Howard 17 with
Missionary.

Dr. Darrow writes about many strawberry breeders in this book but
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not about himself. Therefore I asked Dr. F. P. Cullinan, one of the top
men in the scientific work of the U.S.D.A., who has known Dr. Darrow in
a close personal way for many years, to give me facts I did not know. Dr.
Darrow is a genuine Yankee from southern Vermont, raised on a dairy
farm not far from where A. B. Howard of Howard 17 fame lived all his
life. His Horatio Alger boyhood will not be recounted here. Suffice it to
say that he graduated in 1910 from Middlebury, Vermont, specializing in
Botany. Then after getting a Master’s degree in 1911 from Cornell, he
went to the U.S.D.A. where he worked for 46 years. In 1926 he had the good
fortune to be associated with some of the very first strawberry chromosome
counting work as conducted by Longley. Darrow’s work on physiology of
the strawberry earned him a doctorate at Johns Hopkins in 1927. For more
than 45 years Dr. Darrow has lived at Glenn Dale, Maryland, almost mid-
way between Washington and Baltimore. There today he not only works
with his son in producing commercial “pick your own” strawberries but he
also hybridizes day lilies and azaleas. He associates joyously with his plants—
he is that rare individual, a genuine plantsman. This title in my opinion is
far beyond that of any Ph.D.

As a writer about strawberries, Dr. Darrow stands out as one of the
leading contributors to scientific strawberry literature for 45 years. No one
has written more abundantly and precisely. No one has had a wider ac-
quaintance among the American strawberry breeders, north, south, east
and west.

Dr. Darrow was in the forefront of the fight to help strawberry nursery-
men bring out virus-free plants. He cooperated with experiment stations in
the United States and Scotland to bring out varieties which would with-
stand the disease known as red stele. He cooperated with George Slate of
the New York Experiment Station at Geneva on the problem of getting
better flavor by crossing the virus susceptible Suwannee with Midland both
of which were noted for their flavor and both were one-half Howard 17,
a variety of great vigor but rather moderate flavor. Unfortunately no one
has yet found a high-yielding, firm-fleshed, large-fruited, disease-resistant
sort which has the very fine aroma of Suwannee. George Slate is still work-
ing on the problem and I have been in the field with him and Dr. Darrow
to see the many thousands of seedlings.

During the past thirty years, strawberry growing in the United States
has more and more drifted to areas where labor costs are low, where the
soil is sandy, and where irrigation is readily available. More and more,
strawberries have tended to disappear as a commercial crop in the mid-
western states except on a “pick your own” basis (an exception is Michigan
where acreage has been maintained) . The modern American back does not
seem to adapt itself to strawberry picking.
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For 160 years European strawberry breeding followed a different course
from that in the United States. In both North America and Europe, the
large-fruited strawberry was based on the same two American species com-
bined by Europeans beginning about 1750. But from then on, the Amer-
icans have put in larger doses of the wild North American strawberry,
whereas the Europeans held to a higher percentage of Chilean. The reason
for this was because the European climate was milder. Again and again
the best European crosses were brought to the United States only to succumb
to the climate. The most notable exception was the highly flavored Royal
Sovereign originated by Laxton of England in 1891, and it survived only
in crosses. Even as a parent, Royal Sovereign has not survived except
in California and North Carolina, and was not of any importance in eastern,
southern, or central United States. Nevertheless, as an ancestor, it is found
to some extent in every California variety. Keens Seedling, brought to the
United States about 1826, was not adapted to our climate, but as a parent
of Hovey it is to be found in nearly every American variety. Black Prince,
another early English variety, a seedling of Keens Imperial, originated
by John Wilmot of England, is also to be found in most American sorts.

Up until 1850 the European combinations of the North American wild
with the large-fruited Chilean had been more or less a failure on the big
city markets of the United States because they were not hardy enough to
take our climate except under high, garden culture close to the coast.
Before 1858 nearly all strawberries on the American market were large-
fruited (by present standards very small) selections made in Europe from
the North American wild strawberry.

James Wilson, a Scottish gardener and nurseryman who lived in what
is now Albany, laid the foundation for a complete change in American
commercial strawberry growing when he saved seed from a patch where
two pistillate and one male or bisexual sort were growing. Each of the
three was one-half either Keens Imperial or Keens Seedling, the British
sorts which had done so well in England and had spread over the con-
tinent. The American effort had been to cross these tender British sorts
with the better North American wild. But nobody had been commercially
successful until James Wilson planted open pollinated seed from his 3-
variety patch so rich in Keens blood. By great good luck he found a large-
fruited, hardy, good-looking sort which won favor very rapidly on the city
markets, although its flavor was mediocre. For more than 40 years the
Wilson dominated the strawberry markets of the United States. It was the
first real break-through on the road to a variety which would stand our
climate and yet give large, good-looking fruit in abundance. Of course
about 1880 or 1885 Crescent, which was also a grandchild of the British
Keens Seedling with a wild North American sire, in part replaced Wilson
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and had the honor or furnishing 54 of the blood of Howard 17. Genetically
speaking Hovey and Crescent are all-important, far more important than
Wilson. Commercially Wilson led the way. All honor to James Wilson, the
Scottish gardener who knew a good thing when he saw it.

We may say therefore that importations of the British Pine or Ananas
derived from the White Chilean laid the foundation for the large-fruited
strawberry in the United States. To a degree this is also true of Europe.
French sorts have rarely been imported into the United States, and not a
single one has ever done well here. French breeders look with disdain on
American strawberry varieties even though a few of them have been used
with great success in crossing in England, Holland, and Germany.

The British have recognized the need of greater hardiness in their
strawberries and have used American varieties, especially recently, in their
breeding work. The most widely grown sort of French origin today,
Madame Moutot, which is half Royal Sovereign, was introduced in the
early 1900’s. It has been very popular in the river valleys of Italy and
Switzerland. It is a very large-fruited kind, but in spite of being half
Royal Sovereign, has a rather poor flavor. It has never done well in the
United States and none of its crosses has done well. A hundred years ago
Jucunda, another British type, was widely grown in the United States in
regions where the soil was rich. The European sort best adapted to Amer-
ican conditions in recent years has been Senga Sengana, brought out in
the late 1950’s by Professor von Sengbusch, the distinguished geneticist of
the Max Planck Institute of Hamburg, Germany. Perhaps Senga Sengana’s
adaptability is due to the fact that it is one-half American by ancestry,
and therefore has more hardiness. American varieties in Europe seem to
lack flavor. Howard 17 has never been a success in Europe, either as a
variety or as an ancestor. The climate of eastern United States is more
different from that of Europe than most people realize.

The large-fruited strawberry has displaced the small-fruited, wild straw-
berries of eastern United States and the totally different wild strawberry
of Europe. The flavor of the American wild strawberry is found repre-
sented to some extent in a few of the large-fruited varieties. Strawberry
connoisseurs tell me that the unique flavor of the wild strawberry of Europe,
the fraise des bois or vesca, is never found in our domestic large-fruited
strawberry. It is challenging but probably not profitable to breed a large-
fruited strawberry with a fraise des bois flavor.

An even greater challenge is to breed a large-fruited strawberry with
the Muscat flavor. This is a second, but rarely found, wild strawberry in
Europe which has a flavor quite different from the fraise des bois. The
musky flavor is peculiarly appealing to a few people. It is never found on
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the market in the United States and rarely on the market in Europe.
Scientifically, the musky strawberry was recognized as moschata by Duchesne
200 years ago. It has a rough leaf and carries its blossoms very high. Usually
the blossoms of a plant are either all male or all female. The male plants
have no fruit. The fruits are rather soft and do not attain their altogether
unique flavor until quite ripe. The task of making a large-fruited, firm-
fruited moschata is a very great challenge.

The French, because of their highly developed sense of the unique,
have spent more time than anyone else on producing ever-bearing varieties
of fraise des bois. Furthermore, they have worked harder than anyone else
trying to introduce the moschata flavor into the large-fruited strawberry.
An everbearing, non-running form of fraise des bois was first found in
the wild about 300 years ago just east of Grenoble in the low Alps near
the Swiss and Italian borders. These mostly have elongated, pointed fruits,
and are the type grown by a limited number of epicures along the coast
in northeastern United States today. They breed true from seed and are
propagated by seed. But this pointed, alpine fraise des bois is not the kind
usually seen in the paintings of the 1400’s. Apparently the running, round-
fruited type was more common in the 1400’s.

It has only been since 1926 that scientists have had the techniques to
know that the fraise des bois or vesca had only 14 chromosomes, whereas
the Chilean, the wild North American, and the commercial large-fruited
strawberry all have 56 chromosomes. Only since 1926 have we known why
it was so hard to make the fraise des bois cross with the large-fruited straw-
berry. The moschata or musky strawberry, which has 42 chromosomes, will
cross occasionally on the 56 chromosome berry, but the resulting plants are
not productive. Charles Simmen of Montmorency, France, has had modest
success along this line, but his varieties containing moschata blood usually
have not survived very long.

Doctor Darrow is probably right in concluding that it is more practical
to breed more flavor by selection into the ordinary 56-chromosome com-
mercial strawberry than to try to introduce flavors from either of the two
exotic wild European sorts with their 14 and 42 chromosomes respectively.

For myself I have long held the romantic idea that it would be good
to go back to the source, to the original wild European 14-chromosome
berry. How to do that and yet maintain size and firmness is the problem.

To me personally, the moschata has had an interest for thirty years
because President F. D. Roosevelt first called my attention to it. He was
one of the few people fascinated by the musky flavor, when he was a
small boy traveling with his tutor in Germany. Following up on Roose-
velt’s suggestion with Doctor Darrow, I found that there was this other
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wild European strawberry, less well known than the famous fraise des bois.

I am sure that the very practical and very successful strawberry growers
of California will never fool with either of the two wild European straw-
berries. Nor will the very successful strawberry growers of Oregon, Wash-
ington, Michigan, Florida, North Carolina, Louisiana, or Arkansas. They
will follow the doctrine of “First things first.” One look at these wild
strawberries from Europe will convince them that there is nothing there
for them. These small-fruited European sorts are hundreds of thousands
of years removed from their large-fruited kinds so carefully evolved from
the North and South American species and varieties by so many devoted
breeders since 1750.

Nevertheless, a few men will try to go back to the early beginnings on
the assumption that not everything good in the strawberry world originated
in Chile and North America. Europe may have something to contribute.
The religious artists of the 1400’s loved the wild European strawberry.
Perhaps it will yet contribute something more tangible than religious art.

The immediate future in the United States undoubtedly belongs to the
strawberries originated by Doctor Darrow and his close friends and many
associates in many states. On the continent of Europe, the future seems
to belong increasingly to the varieties originated by Professor von Seng-
busch in Germany. In the British Isles, varieties originated by the Cam-
bridge Experiment Station, and in Scotland varieties originated by Robert
Reid of Auchincruise, seem to dominate the picture.

Probably no domestic plant is more complex biologically, more sensi-
tive in its adaptability than the strawberry. This means that a really good
and comprehensive book is almost impossible. Fortunately, the history of
the domestic berry begins only in 1760, and therefore we know more about
this plant’s history than we do about most other organisms. Doctor Darrow
is deserving of great credit for getting the cooperation of so many straw-
berry experts in helping him write a story which is both scientific and
romantic. In my opinion, the history of the strawberry has just begun. How-
ever, I doubt that the strawberry of the future will ever attain the size
of the berries seen by Hieronymous Bosch’s tortured imagination in the
early 1500’s.



2 The Strawberry
in Religious Paintings
of the 1400’s

BEGINNING IN the earliest years of the 1400’s the monks of Western Europe
were using the round-fruited, wild strawberry in their “illuminated” manu-
scripts. Long before the large-fruited strawberry was brought from Chile
to Europe, long before the scientists looked upon the fraise des bois or
wood strawberry with a taxonomic eye, the monastic painters had gazed
upon it and found it lovely, and worthy to share in their offerings to the
Virgin Mary.

Toward the end of the 1300’s a new spirit was spreading throughout
Europe which was reflected in a freer and more natural artistic style. Emile
Mile, in his great work on Gothic art, calls it the awakening of human
tenderness and suggests that it sprang from St. Francis of Assisi who loved
all Creation, and who aroused in his brother monks the love of nature and
the need to express it. The monks were the artists of the time and they
were occupied with the brightening, or “illumination” of prayer books,
and the paintings of tiny illustrations—“miniatures”’—for the religious texts
which they copied by hand. In their newly stirred feelings they began to
look at the world around them, to see the details of nature and of everyday
life, and they painted what appealed to them and what they thought
beautiful.

Simultaneously with the flowering of human tenderness which began
with St. Francis, we find the desire of the mystics to come nearer to the
Virgin and to glorify her. They spent hours in contemplation of her and

This chapter was written by Mary Wallace Bruggmann.
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the Infant Jesus. They wrote poems to her, giving her all the virtues and
calling her by the names of all the flowers. They lost themselves in venera-
tion of her, and when they made pictures of her, they adorned them with
all that was precious and rare.

In a French miniature of about 1400 we see the strawberry, in the
hand of Joseph who is holding it out toward the little Child Jesus, coaxing
Him to take His first step.! In another, Mary, against a background of
flowers, has her Child on her knee and angels are gathering strawberries,
presumably for the Infant.

It may be that the monks first began drawing the strawberry plant
because of its graceful form and pure colors, or it may be that the fruit
was just becoming widely known. The French King, Charles V, was a
patron of the miniaturists, and by 1386 he had 12,000 strawberry plants
set out in his Royal Gardens.2

There was much traveling from monastery to monastery, from Italy
to southern France, up toward Paris and Burgundy, to Germany and
Flemish provinces and over to England. The influence of the miniaturists
spread northward to the Rhineland, and it was there that the theme of
the Mother and Child received its most charming portrayal.

So we come to these touching paintings of the School of Cologne: “The
Madonna of the Roses,” “The Garden of Paradise,” and the “Madonna among
the Strawberries.” The Madonna is always a young girl seated in a closed
garden (to indicate her virginity), holding the blessed Child in quiet but
radiant joy. The artists, Lochner, Schongauer, and unknown masters, have
surrounded her with a brilliant galaxy of flowers and plants among which
is the strawberry. The Virgin’s flower, the rose, is in predominance, but
the thistle, carnation, lily of the valley, iris, primrose, and entire plants of
the fraise des bois with its red fruit and white blossoms also are present.
The plants may form the entire decoration as in our frontispiece, or a
single plant may be placed in an important spot, at the feet of the Madonna
or in the Child’s hand. They are botanically exact, perfect likenesses of
the original, round-fruited, wild, European vesca, which still fascinates
the gardener of today. (See Plate 2-1.)

In her stimulating book on the symbolism in the pictures of the Middle
Ages (Symbol-Fibel). Klementine Lippfert guides us into the meaning
which flowers and plants as well as animals, colors and objects had for
the people of that time. Elizabeth Haight, in her book, Symbolism of the
Great Masters (1918), writes “the strawberry stands apart from all other
symbolical fruits. It is found in Italian, Flemish and German art and also

1 Mile, Vol. III, p. 153.
2 Hyams, p. 17.
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in English miniatures. As a symbol it is not only widespread but of com-
paratively early origin . . . . It is the symbol of perfect righteousness.”
There is ample evidence that medieval art is permeated with symbolism
and that every object had its own particular significance. Certain symbols,
the Cross, the fish, the thorn, originated in the Scriptures and were carried
on through Christian tradition. Others developed gradually in an atmos-
phere of intense religious feeling. The rose represented virginity and
purity; the carnation, because of the shape of its calyx, suggested the nails
of the Crucifixion; and herbs of medicinal virtue suggested the healing
powers of Christ. The whole of the strawberry plant was used (the dried
roots, the leaves and fruit). The Symbol-Fibel tells us that it was a cure
for depressive illnesses, and its presence can be considered a reference to
eternal salvation. “It stood for noble thought and modesty, for although
it is conspicuous by its color and fragrance, it nevertheless bows humbly
to the earth.”® In a further quotation we read, “Kiinzle (the herbalist)
writes that the people of the middle ages saw in the three partitioned leaf
a reminder of the Holy Trinity; the fruits, pointed downward, were the
drops of blood of the Christ; and the five petals of the flower, His five
wounds.”4 (See Plates 2-2 and 2-3.)

With so many qualities attributed to it, it need not surprise us that
we repeatedly encounter the strawberry, as entire plants in the foreground
of a picture, or as individual berries and blossoms or garlands forming
the border of a miniature. As far as we have seen, they occur most fre-
quently in the presentations of the Madonna and of the Christ. They
usually are the round vesca, but we have also detected the more elongated
Alpine vesca which, quite properly, is in a Swiss tapestry of about 1490.
It is apparently the same plant which grows on the hills around Lake
Geneva today. The subject of the tapestry is the Resurrection. Around the
tomb from which the Christ is rising, the strawberry and a variety of other
plants are growing, the symbol of continuous life.

When we speak of medieval art we mean religious art, but we have
one notable exception in the “Garden of Delights,” or “Strawberry Tree”
as it was first called, by the Dutch painter Hieronymous Bosch (1455-1516).
It is an allegorical, complicated triptych with hundreds of details and with
curious unclothed people. We mention it only because of the scenes which
call such marked attention to the fragrance of the “fragaria.”” A naked
group of three is kneeling beside a berry half as large as themselves, smell-
ing it as though to take nourishment from it. Another group has formed
a circle, and is balancing and playing with a gigantic, out-sized berry as

8 Lippfert, p. 17
4 Ibid,, p. 57.
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though it were a balloon. The accepted interpreter of Bosch, Wilhelm
Fringer, thinks that the painter was using it, along with the grape, cherry
and apple, as a sign of voluptuousness. (See Plate 2-4.)

Toward the early 1500’s there was another evolution in man and in
art. The Renaissance was developing a more worldly style which replaced
the manner of the mystics. On the threshold between the Middle Ages and
the Renaissance, A. Diirer (German School, 1471-1528) made a drawing
of “Mary and the Many Animals.” It is one of the last of the symbolical
pictures in which we have seen the strawberry. It shows a more sophis-
ticated Madonna sitting in her garden with animals all about her, and
the little Christ-Child is reaching out from His Mother’s knee to grasp the
tri-parted leaf from a growing strawberry plant.

5 It was my brother Henry W. Wallace’s interest in strawberries which first led me to see the
plants in the Gothic paintings, and it was his delight when I would discover one depicting
strawberries which induced me to write down, without any pretensions, these few observa-
tions. That—and a persistent affection for the flavor and fragrance of the fraise des bois.
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Early History
of the Strawberry

THE HISTORY of the strawberry goes back as far as the Romans and perhaps
even the Greeks, but because the fruit has never been a staple of agriculture
it is difficult to find ancient references to it. Theophrastus, Hippocrates,
Dioscorides and Galen did not even mention it; nor did Cato, Varro,
Columella or Palladius, the four Latin writers on agriculture. Apulius
cited the strawberry only for its medicinal value. Although Virgil and Ovid
did name the strawberry in their verses, they did so only casually in poems
of country life where they associated it with other wild fruits. Virgil, for
example, included the strawberry among the beauties of the field in his
Third Ecologue where the shepherd, Damoetas, is warned:

Ye boys that gather flowers and strawberries
Lo, hid within the grass an adder lies.

Ovid mentioned it twice, once in his description of the Golden Age from
Book One of the Metamorphoses as “Arbuteas foetus, monatanaque fraga
legebant,” (They gathered Arbutus berries and mountain strawberries).
Later, in the thirteenth book of the same work, Polyphemus, Galatea’s
rebuked lover, sings to her of the settlement he wants to make with her:

With thine own hands thou shalt thyself gather the soft strawberries
growing beneath the woodland shade.

Pliny (23-79 A.D.) was the last known writer for many centuries to men-
tion the strawberry. In the twenty-first book of his Natural History, he listed
“Fraga,” the fruit of the strawberry, as one of the natural products of Italy.

15
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In a later section, Pliny confused the strawberry with the Arbutus or tree
strawberry, “terrestribus fragis.” Some natural historians believe that the
strawberry was cultivated in Greek and Latin gardens and that it was served
at banquets, but there are so few references to it that it is doubtful if much
was made of it. The next surviving reference to the strawberry does not
appear again until the thirteenth century in the writings of a Greek doctor,
Nicholas Myrepsus. The literature of botany was often the literature of
medicine, where plants were described for their use in treating ailments.

By the 1300’s, the strawberry was in cultivation in Europe, for the
French then began transplanting the wood strawberry, Fragaria vesca, from
the wilderness to the garden. The plant was considered more ornamental
for its flowers than useful for its fruit, although it was grown to some ex-
tent for eating. The financial accounts of a hospital or poorhouse in north-
ern France in 1324 list an item ‘“Pour Fraisiers & planter en la montaigne
acatés a Pierot Paillet et Aelés Paiele XII d,” which might have been
planted for their fruit. In 1368 King Charles V had his gardener, Jean
Dudoy, plant no less than 1,200 strawberries in the royal gardens of the
Louvre in Paris. In 1375 the Chateau de Couvres, near Dijon, property of
the Dukes of Burgundy, had four blocks of the garden assigned to the
cultivation of strawberries. They received particular care and good fertili-
zation and the runners were transplanted to vacant soil to perpetuate the
plants. “Doubtless its cultivation was crude, but still, it existed. The straw-
berry was so appreciated by the Duchess of Burgundy that it was sent
to her when she visited in Flanders,” wrote Bruyerin-Champier (De re
Cibaria, 1562).

England, too, was an early admirer of the strawberry. The Reverend
John Earle compiled a list of early plant names from old lists appearing in
documents and vocabularies between the tenth and the end of the fifteenth
centuries. The successive modifications of the name from “Streowberige,
Strea Berige, Streowberge, Streaw Berian Wisan, Streberi Lef,” to “Strebere-
Wyse” and “Strawberry” show a long familiarity with it there. The last
name came from “A Pictorial Vocabulary of the Latter Part of the Fifteenth
Century.” The Anglo-Saxon word streow meant hay. According to one
theory, the Anglo-Saxons in aA.p. 900 called the strawberry the “hayberry”
because it ripened at the time the hay was mown. Another guess is that the
name derived from the way children strung the berries on straws of grass
or hay to sell, a custom still practiced in parts of Ireland today. A more likely
explanation is that the Anglo-Saxons used the name “strawberry” to de-
scribe the way the runners strew or stray away from the mother plant to find
space in which to grow.

Londoners were buying the fruit from street vendors by 1430 when John
Lidgate wrote the song of the “London Lickpenny.” One verse quotes the
cry of “strabery rype:”



There are fifty-two color plates in the book.
Each plate is numbered by chapter and by pri-
ority within the chapter, corresponding to the
numbering in the text. It should be mentioned
that where possible the strawberries are re-
produced lifesize. Great care was also taken
to obtain exact shades of color throughout,
although a number of them were taken by
photographers at various times and places and
had to be color-corrected specifically and
with great care at the direction of the author.
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Madonna among the strawberrles Pamtmg
at the Museum of Solothurn, Switzerland.

PLATE 2-1



Cursus de Eterna Sapientia, “Christ with Book and Orb,” from Liber
Devotionis, showing individual berries or garlands forming the border.

PLATE 2-2
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Cursus de Passione Christi, “The Betrayal of Christ,” from Liber
Devotionis, showing individual berries or garlands forming the border.

PLATE 2-3
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Then unto London I dyde me hye

Of all the land it bearyeth the pryse;
“Gode pescode,” one began to cry,
“Strabery rype, and cherrys in the ryse.”?

English royalty, like French royalty, had developed a taste for the fruit.

“When I was last in Holborn,
I saw good strawberries in your garden there:
I do beseech you send for some of them . ..”

the Duke of Gloucester asks the Bishop of Ely in Act III, Scene iv, of Shake-
speare’s tragedy Richard IIT of 1597, and the strawberries were sent for on
June 13, 1483, according to Shakespeare authorities. The reference at least
indicates that in the 1400’s the Bishop of Ely grew strawberries with such
success in his garden at Holborn that the fact drew the attention of writers,
whatever the symbolic overtones of the passage. One of the first known
botanical illustrations of the strawberry appeared in the Mainz Herbarius
of 1485 (Plate 3-I).

By the 1500’s references to the cultivation of the strawberry were more
frequent; physicians and apothecaries discovered its supposed medical uses,
and botanists began to name the different species. The Grete Herball ap-
peared in London in 1526 as an English translation from the French work
on the medicinal uses of herbs and was printed by Peter Treveris. Here is
the description of ‘“The Fragaria. Strawberyes”

Fragaria is an herbe called strabery. It groweth in woodes and grenes,
and shadowy places. It is pryncypally good agaynst all evylles of the mylt.
The uice therof drunken with hony profyteth mervaylously.

For the brethe

For them that take brethe with payne as it were syghynge. The uice therof
take in drinke white peper heleth it. Strawberyes eate helpeth coleryke
persones, comforteth the stomake, and quencheth thyrst.

Perhaps King Henry VIII believed that royal pleasure led to royal health
for in 1530, four years after the publication of The Grete Herball, he paid
ten shillings for a “pottle of strawberries” according to the Privy Purse Ex-
penses of Henry VIII. A pottle was a small basket, shaped like an inverted
cone, and often held less than one-half a pint. This measure indicates that
the fruits of the time were small, and must have been wood strawberries.
Ruellius, a botanist of the period, also referred to the cultivation of
strawberries in his De Natura Stirpium Libri (1536). Describing them as
“growing wild in shady places,” he also notes that “gardens furnish a larger

1 Sturtevant’s Notes on Edible Plants, ed. by U. P. Hedrick. Albany, New York, 1919, p. 192.
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fruit.” By the mid-1500’s in England, demand for the fruit had stimulated
regular strawberry farming. In his “Five Hundred Points of Good Hus-
bandry” (1557), Tusser recommended strawberry cultivation as an appropri-
ate part of the “employment of women.” Under “September’s Husbandry”
Tusser wrote:

Wife, into the garden and set me a plot

With strawberry roots, the best to be got;

Such growing abroad among thorns in the wood,
Well chosen and picked, prove excellent good.

In France in 1562, Bruyerin-Champier, physician to Henry IV, included the
strawberry among the plants which had recently entered French gardens.
Sixteen years later, instructions for its cultivation appeared in L’Agriculture
et Maison Rustique, in which Charles Estienne and Jean Liébault prescribed
replanting the fields with strawberries every three years and annual hoeing
and fertilizing. Gallo wrote from Italy in the same decade that “strawberries
can be easily had in abundance in one’s garden.”? By the end of the century
the strawberry’s popularity was general. Hyll gave the final evaluation in
the Gardener’s Labyrinth (1593):

They be much eaten at all men’s tables in the sommer time with wine
and sugar, and they will grow in gardens until the bigness of the mul-
berry. [The strawberry] requires small labour, but, by diligence of the
gardener, becometh so great that the same yieldeth faire and big berries
as the berries of the bramble in the hedge.

While the 1500’s have horticultural significance for establishing the
strawberry as a common garden plant, in double service as an ornament and
as a table delicacy, this century was also important for the progress in botani-
cal knowledge of the plant. By the end of the century all three European
species of Fragaria—F. vesca, F. moschata, and F. viridis—had been cited. The
common garden strawberry was F. vesca, which was transplanted from the
woods and propagated by runners, the plots restocked by fresh transplanta-
tions (Plate 3-2). Two subspecies of F. vesca were identified. The white straw-
berry, or F. sylvestris alba (Plate 3-3), was noted frequently, dating from
Jerome Bock’s, or Targus’s, description in 1532 of Fraga alba seu candida.
Ruellius was one of the earliest writers to name different kinds of strawberries,
and in 1536 he distinguished between the red and white F. vesca. Conrad
Gesner, Dodoens and Camerarius were other classicists among botanists who
cited white F. vesca during this century. Gesner remarked that it was espe-
cially common in the mountains around Baden, Switzerland. John Gerarde
in The Herball (1597) also included Fragaria alba among his strawberries.

2 Lesourd, Felicien, Le Fraisier, Second Edition, ed. by Charles Simmen. Paris, 1943, p. 36.
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The everbearing strawberry, F. sylvestris semperflorens, was a second
subspecies of F. vesca brought to attention in the 1500’s. It was described by
Jerome Bock in 1532, and in 1553 by Conrad Gesner, as a strawberry which
flowered and fruited in the Alps throughout the growing season. Although
they thought this everbearing quality was common to all F. vesca they must
have had the Alpine specimen in mind. Later botanists noted that it differed
from F. silvestris, the wood strawberry, only in its greater vigor. It flowered
three to four months after germination and continued flowering, even in
winter, bearing fruits until the severe frosts of November and December.
The young runner plants often flowered before they could take root. Al-
though cited by Bock and Gesner, F. silvestris semperflorens was not culti-
vated until a rediscovery in 1764 by a Mr. Fougeroux of Bondaroi.

So inclusive were the botanists of this period in their descriptions and
collections of plants that even freak varieties of the wood strawberry had a
place in their herbals. One such curiosity was F. vesca sive sterilis or the
“Barren Strawberrie” described by Gerarde. Later, in 1766, when it had
totally disappeared, it was cited as the Plymouth Strawberry of England (F.
silvestris var. muricata Duch). It was a sterile, freak variety with apetalous
flowers which produced ill-formed and sharp midget fruits with completely
aborted ovaries and it had little of the flavor of the strawberry. Tradescant
had found a specimen around 1620 at Plymouth, England, and for sixty or
eighty years it was cultivated in all the botanical gardens of Europe. In
1629 Parkinson called it the Prickly Strawberry.

The green strawberry, F. viridis or collina Ehrh., the second of the three
native species, also was described. Jean Thale in 1588 wrote of a strawberry
he had seen in the Black Forest of Germany before 1530 which he named the
Knackelbeer Presling, and in 1586 Joachim Camerarius spoke of le fraisier
tardif, the late strawberry or “brossling.” Le Petit Fraisier of Leonard Fuchs
(1542) and Le Fraisier a fruit doux of Dodoens (1583) were other synonyms.
So, too, was the “greenish strawberry,” F. subviridis of John Gerarde in The
Herball of 1597. He wrote, “there be divers sorts of strawberries, one red,
another white, a third sorte greene and likewise a wilde strawberrie, which
is altogether barren of fruite.” Of the “greenish strawberry” alone he wrote:
“There is another sort which bringeth forth leaves, flowers and strings like
the other of his kind. The fruit is green when it is ripe, tending to redness
upon that side that lieth to the sunne, cleaving faster to the stems, and is of
a sweeter taste, which maketh the difference.”

Caesalpinus, in his De Plantis (Florence, 1583), described a subspecies
of F. viridis which he had found in the Bargemon Alps of France and which
he called Fragaria bifera because it bore both spring and summer fruits.
Years later, in the 1760’s, the naturalist Duchesne had a correspondent col-
lect specimens for him. Some were transplanted and cultivated in the gardens
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of Bargemon, a town at the foot of the Alps. There they “bear fruit in all
seasons. Only the extremely rigorous winters present an obstacle to this
continual fecundity,” reported R. P. Antoine, the correspondent. Later
botanists have noted that this twice-bearing quality is common to all speci-
mens of F. viridis.

The musky-flavored strawberry, F. moschata Duch. or F. elatior Ehrh.,
was the third species noted in this century and is the third species indigenous
to Europe. The only mention of it in the 1500’s was by Matthias Lobelius in
his Observations sur les Plantes (1570); that is, botanists believe that he
referred to F. moschata when he designated a strawberry as Fragaria E. Fraga
majore alba. Lobelius said that a common term for it was the “Gallobelgis
des Chapirons,” and Duchesne in 1766 noted that the flower merchants still
called it the “Chaperon.”® The musky strawberry was not cited again until
1613 in Besler's Hortus Eystettensis, which contained drawings of plants
grown in the famous botanical garden of Aichstat in Francony. Besler had
drawn a female specimen (the unisexual character of F. moschata was not
recognized, however, until Duchesne’s study of it in 1766). Besler called it
the “Big-Fruited Strawberry” and referred to the very pleasant taste, odor
and flavor of its fruits, which he said compared in size with certain plums.
This description led Gaspar Bauhin in 1623 to call it the “strawberry with
fruit as large as a small plum,” and around 1640 Simon Paulli identified it
by the same name. Paulli said he had seen it in Denmark where one year it
gave fruits as large as peaches due to the excellent soil and the good weather
that season.

The authors of the first Catalogue du Jardin du Roi called it simply
“Fraisier étranger,” or foreign strawberry. The wild habitat of F. moschata
is still unknown. The Robins, who wrote the Catalogue in 1624, thought it
came from Pannonie and gave their “foreign strawberry” the botanical name
Fragaria major pannonica. Pannonie is a region of Europe between the
Danube river to the north and the Illyria to the south. In 1629 Parkinson
called it the “Bohemia Strawberry” or Fragaria major sterilis seuw bohemica
and he wrote:

The Bohemia Strawberry hath beene with us but of late days, but it
is the goodliest and the greatest, both for leafe next to the Virginian,
[F. virginiana, a North American strawberry introduced in the 1600’s to
Europe] and for beauty farre surpassing all; for some of the berries have
been measured to bee neere five inches about. Master Queester, the Post-
master, first brought them over into our country, as I understand, but I
know of no man so industrious in the carefull planting and bringing
them to perfection in that plentifull maner as Master Vincent Sion who
dwelt on the Banck side, neer the old Paris garden staires, who from seven
rootes, as hee affirmed to me, in one yeare and a halfe, planted halfe an

3 Duchesne, Antoine Nicolas, L’Histoire Naturelle des Fraisiers. Paris, 1766, p. 52.



F1c. 3-1. LEFT TO RIGHT: Fraga vulgaris, common strawberries; Fraga Bohemia maxima,
the great Bohemian strawberries; Fraga acuseata, the prickly strawberry.

acre of ground with the increase from them, besides those he gave away
to his friends, and with him I have seene such, and of that bignesse before
mentioned. (Paradisus in terrestris sole, London, 1629)

F. moschata was always more popular in England where it was known
as the “Hautbois” or “Hautboy” because of its long flower stems which rose
high above the leaves. An illustration of its unpopularity in France is a
passage from De la Quintinie, who wrote several works on gardening in the
late 1600’s and early 1700’s: “I want even the Caprons (F. moschata) torn
out or at least that no particular {riendliness be held toward them. They are
easy to know by their large, short and hairy runners, their very large flower,
and their large, hairy, and almost prickly leaf.”* “It has been known for a
very long time in the gardens around Paris, but it is scorned there,” wrote
Duchesne in 1766. “The English cultivate it, on the contrary, to adorn their
tables.”s Its fruit was a deep, purplish red in color and had a pasty quality in
the poorer varieties. Duchesne knew of specimens from England, Holland and
Germany in the mid-1700’s and Felicien Lesourd in 1943 said its distribution
spread from England as far as Finland and that although it was then very

4De la Quintinie, Instruction pour les Jardins Fruitier et Potagers, Volume II. Paris, 1715.
5 Duchesne, op. cit., p. 164.
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rare, it was still cultivated for its excellent, lightly musky aroma despite the
infertility due to its unisexual character.® It has been reported as the main
cultivated strawberry in the Vierlanden near Hamburg, Germany, until the
late 19th century and it was frequently grown in Russia until the 1930’s. In
1766 Duchesne knew of two or three perfect hermaphrodites, or bisexual
ones, but he later noted they had become almost sterile.

At the end of the 1500’s the two strawberries cultivated in gardens were
the wood strawberry, F. vesca, and the musky strawberry, F. moschata, both
characterized by small, distinctly flavored fruits. In all, the early botanists
of that century had named three European species: F. vesca and its sub-
species F. vesca semperflorens; F. moschata, just cited, and F. wviridis, the
green strawberry. The singular significance of the 1600’s to strawberry history
was the introduction to Europe of F. virginiana from eastern North America.
for this berry was to sire today’s modern, big-fruited strawberry.

Perhaps someone, someday, will discover the true story of the Virginia
strawberry’s journey to Europe. At present only a few works are known which
suggest that it reached Europe in the early seventeenth century. The earliest
of these is Gaspar Bauhin’s Pinax, printed in Paris in 1623. There Bauhin
designated the “Fraga acque magna ac in Anglia crescunt.” Some botanists
believe that Bauhin had in mind Besler’s musky-flavored strawberry, F.
moschata, from the Hortus Eystettensis (1613), and that Bauhin had not
actually seen this strawberry as he did not include it in the enumeration of
strawberry species. Yet his description shows that he had heard there were
large strawberries in Virginia. No one even knows if the Virginian strawberry
was introduced first into England or first to the European continent. Bauhin
referred to England, and in 1656 John Tradescant noted a Fragaria nova
anglia nondum descripta in the catalogue of his plant collection, Musaeum
Tradescantianum, published in London. If this was F. virginiana then
Tradescant would have been the first to refer to it. According to Pritzel,
Tradescant died in 1638. Duchesne believed his catalogue was written about
1616, but not published until 1656 by his son. From the little that is known
about Tradescant it seems likely that about this time he was making his
famous collecting trips to the European continent. Thus he may have brought
F. virginiana to England then.

An American strawberry, Fragaria americana, was cited in 1624 by Jean
and Vespasien Robin, botanists to Louis XIII, in their Manuel Abrégé des
Plantes. Five years later, John Parkinson in his Paradisus in terresiris sole
designated “the Virginia Strawberry” in English and 1629 has been given
traditionally for the introduction of F. virginiana to England. Parkinson
wrote:

6 Lesourd, op. cit., p. 26.
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The Virginia Strawberry carryeth the greatest leafe of any other,
except the Bohemian [F. moschata], but scarce can one Strawberry be
seene ripe among a number of plants; I thinke the reason therof to be the
want of skill or industry to order it aright. For the Bohemia and all other
Strawberries will not beare kindly, if you suffer them to grow with many
strings, and therefore they are still cut away.

The kind from Brussels, he went on to say, was brought by Tradescant. In
seven years Parkinson had never known a berry to be fully ripened on all
sides. One side was always rotten, although the plants flowered abundantly
each year and the leaves were very large. Parkinson thus verified Tradescant’s
journeying to Europe and his importation of a strawberry from Brussels.
Was this F. virginiana? Was more than one kind of F. virginiana then known?
Or was this the first specimen of the Virginia Strawberry introduced by
Tradescant? Parkinson did not say.

After Parkinson, references to F. virginiana followed thick and fast. Gui
de la Brosse, head of the Jardin du Roi at Paris, in 1686 included a Fragaria
americana magno fructu rubro in his Catalogue of the Garden. Ray gave a
Latin translation of Parkinson, and Morison in his History called the plant
the “Virginia Strawberry with Scarlet Fruit.” Under this designation, Tourne-
fort, Boerhaave and other botanists cited it in Latin in their catalogues. In
1738 Linnaeus identified it in the garden of George Clifford, a wealthy banker
who had a large botanical collection in Amsterdam. Langley had a good
engraving made of its flowers and fruits with an accompanying description
in his Pomone, published in London in 1729.

The spread of the new species was very gradual and it remained little
appreciated as late as the middle of the eighteenth century. Not until the
end of that century would a rise in its popularity result in the introduction
of new varieties, which increased from three to nearly thirty by 1820, for
a time outnumbering other kinds.

The wood strawberry still predominated among strawberry growers in
the late 1600’s. The musky, the green and the Virginia strawberry were grown
to a minor extent. No improvement of the fruit by raising new varieties from
seed had been attempted seriously. Gardeners were satisfied to grow the wild
species and the few varieties of them which had occurred naturally. The
first half of the next century would bring the dramatic development of the
commercial big-fruited strawberry. Meanwhile, the 17th century importa-
tion of F. virginiana had been the first step in bringing together the future
parents of the modern strawberry. The Virginia strawberry was the sire of
this modern cross. The journey of a French spy to Chile in 1712 resulted in
the introduction of the female plant, the other American parent of F.
grandiflora or F. ananassa, our present big-fruited strawberry.



4
The Strawberry from Chile

THE JOURNEY OF the Chilean strawberry, Fragaria chiloensis, from Chile to
France in 1714 was the most important event in the history of the modern
strawberry. The Chilean berry had one quality the European kinds lacked—
size. The large berries attracted the notice of a French spy who had crossed
the pirate-menaced seas to Chile in the early 1700’s on a mission for King
Louis XIV. Along with his observations on fortresses, armies, guns and supply
routes, governors and Indians, he included a description and drawing of the
Chilean strawberry. A collector as well as an observor, he spent six months
caring for the specimens he took with him on the return voyage to France.
Through the initiative of this young man, the New World strawberry, already
cultivated for many years by the Chilean Indians, was brought as a bride to
France where her marriage to North American F. virginiana took place.

In the early 1700’s wild F. chiloensis grew over much the same area of
Chile as it does today. The roots bind the sand along the coast of middle and
southern Chile and then the plant advances inland, where it climbs as high
as 5,100 feet in the Cordillera and wanders as far eastward as the Argentine
provinces of Neuquen, Chubut and Rio Negro. At the time of the Spanish
conquest of Chile in the mid-1500’s, the only Indians who lived in the
country of wild F. chiloensis were the Mapuche in the north and the Huilliche
further south. These two tribes were very probably the first to cultivate
F. chiloensis, since both distinguished in their languages between the wild-
growing strawberry (llahuen, lahuene, or lahuenit) and the cultivated one
(quellghen), later called the frutillar by the Spaniards. At the time of the
conquest another Indian group, the Araucanians, also grew strawberries
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along with maize, potatoes, pumpkins and beans, but they did not live in the
area where F. chiloensis grew wild. For how many hundreds of years had the
Mapuche and the Huilliche Indians cultivated F. chiloensis? Did this Indian
culture of strawberries predate the European one, which seems to have com-
menced in the 1400’s? No one knows, but when F. chiloensis was brought to
France in 1714 it certainly had as long a history of cultivation as the European
strawberry.

Until 1550-1551 the Mapuche and Huilliche Indians cultivated their
strawberries undisturbed. Then the Spanish conquistador, Pizzaro, who had
been attempting to conquer Chile for fifteen years, appointed Pedro de
Valdivia supreme commander of the Spanish troops in Cuzco, Peru. Under
Pizzaro they were able to penetrate the region between Rio Itata and Rio
Tolten where the Mapuche put up a stiff fight. The Spaniards won, and as
keen appraisers of South American culture, they counted the strawberry
among the spoils of conquest. Soon after, the Chilean strawberry arrived
in Cuzco, then the home of Garcilazo de la Vega, the son of an Inca princess
and a Spanish conquistador. In his study of Inca culture, Los Commentarios
Reales de los Incas, he described the fruits cultivated by the Incas of his day.
Although de la Vega left Peru in 1559, he included in his descriptions a
fruit called the Chili, which he thought probably had come to Cuzco in 1557,
six years after Valdivia’s conquest. According to him, this pleasant-tasting
fruit bore small seeds on its surface like the fruits of the Arbutus. Both fruits
were of the same size, but that of the Chili was rather long and heart-shaped
instead of round, and the plant grew on low bushes which crept along the
ground. Botanists are certain that de la Vega was describing the straw-
berry. As he was unable to give the fruit a Peruvian name, he called it
instead the “Chili,” thus supporting the evidence that the species was F.
chiloensis, the strawberry of the Mapuche and Huilliche Indians.

In 1606 while in Spain, the sixty-eight-year-old de la Vega wrote his
recollections of the Chilean strawberry as he first saw it in 1557 in Cuzco:
“Another fruit which is called ch:li arrived at Cuzco in the year 1557. It is of
excellent taste and very good to eat. It is borne on low plants, almost crawl-
ing on the ground; it has a berry like the arbutus, and is the same size but
not round, longer, and shaped like a heart.””
1“Otra fruta que llaman Chili lleg6 al Cuzco el afio de 1557. Es de muy bien gusto y de
mucho regalo. Nace en unas plantas bajas, casi tenidos por el suelo; tiene un granijado por
cima como el madrofio, y es del mismo tamafio, no redondo, sino algun tanto por longada en
forma de corazon.”

The “madrono” referred to by Garcilazo is the madrone or strawberry tree. Arbutus
unedo. What Garcilazo called Chili was undoubtedly the Chilean strawberry. The original
Spanish was obtained through the courtesy of Hector Lazo, a descendant of the father of
Garcilazo, the Inca.

(Garcilazo de la Vega, “Los Comentarios Reales de los Incas.” Chapter 11, Book 8, Part I,
1606.)
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One of the first descriptions of the Chilean berries known to reach Europe
was in the Historia Relation del Reyno de Chile, published in 1646 by the
missionary Alonso de Ovalle, who wrote it during a trip to Rome. De Ovalle
had lived in Chile until 1641. “Garden fruits are never, or only very rarely
sold,” he commented, “and anybody can go into a garden and eat as much
as he likes without any restriction. Only strawberries, which are called
Frutilla, are sold. Although I saw them growing wild for miles, they are very
expensive when cultivated. Their taste and smell differ from those I saw in
Rome. In size they are as large as pears and are mostly red, but in the terri-
tory of Concepcién there are also white and yellow ones.”

Another voyager, a Catholic priest named Louis Feuillée, provided a
description of the Concepcién strawberry. “Physical and Mathematical
Observations with Several Remarks on Natural History Made at Concepcion,
January 1709,” is the heading for Chapter 25 of his Journal in which the
passage occurs. After noting the reversed order of the seasons south of the
Equator, as compared with their sequence in the Northern Hemisphere,
Pére Feuillée continued: “Several fruits, like pears, apples, strawberries, etc.
were ripe. For dessert we were served some strawberries of a marvellous taste,
whose size equalled that of our largest nuts. Their color is a pale white. They
are prepared in the same manner as we fix them in Europe, and, although
they have neither the color nor the taste of ours, they do not lack excellence.””2
Feuillée had been sent out as King Louis XIV’s official mathematician to
explore and map the West Indies and South America. For two years he
traveled the Chilean and Peruvian coasts, mapping cities, sketching pano-
ramic views and collecting plants. But Pére Feuillée failed to include the
“excellent” strawberry of Chile in the collection he brought back to Brest.
Fortunately, the curiosity of Louis XIV about the New World and his con-
cern over Spanish defenses on the Pacific coast of South America remained
strong. Four months after Feuillée’s return, the King dispatched another
explorer on a remarkably similar mission, this time with orders to report on
the Spanish fortifications. Unlike the priest who preceded him, who was a
trained botanist, Amédée Francois Frézier was an engineer, but he had the
botanist’s impulse for collecting. He was the only explorer known to bring
specimens of F. chiloensis back to Europe, giving the Old World the large-
fruited strawberries of the New.

Lieutenant Colonel Frézier was a thirty-year-old member of the French
Army Intelligence Corps when in 1711 he was commissioned to sail to the
Spanish colonies of Chile and Peru on a reconnaissance mission. King Louis
X1V of France had paid vast sums to maintain his grandson on the Spanish

2 Feuillée, Louis, Journal des Observations Physiques, Mathématiques et Botaniques, Vol-
ume I. Paris, 1714, p. 314-315.
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throne and was determined to get full information of even the least known
parts of the Spanish West Indies before the French, as well as other nations,
could be excluded from those seas by the Spaniards.?

For this end, he pitched upon our Author, an experienced Engineer
and Mathematician in his Service, whom he knew to be in every way
qualified to make Hydrographical Observations for the Use of Mariners,
and for the Correction of the Charts, and also to take exact Plans of the
most considerable Ports and fortresses along the Coasts whither he was
going; to direct to their best Anchorages, and to point out their respective
Dangers; (Things which might hereafter be of great Use to the French,
if a War should happen to break out again between the two Nations.)
And this Gentleman he sent at his own Charge on board a Merchant-Ship,
in the Year 1712, to pass as a Trader only, the better to insinuate himself
with the Spanish Governors, and to have all opportunities of learning
their Strength, and whatever else he went to be inform’d of.

Thus read the 1717 English introduction to the book which Frézier had
published the year before, entitled Relation of the Voyage to the South
Sea, Along the Coast of Chile and Perou, Made During the Years 1712,
1713, and 1714. Other sources describe his assignment as the study of the
defenses in Chile and Peru alone. Whatever its scope, this was a delicate
mission for the young but well-qualified engineer.

Frézier never referred to the fact in his writings, but his family name was
an ancient one, which derived from the French word for the strawberry—
fraise. Perhaps he did not know the story of his ancestor, Julius de Berry,
a citizen of Auvers who was knighted by the Emperor and King of France,
Charles Simplex, in 916 for a gift of ripe strawberries. As the story goes, the
Emperor Charles was returning home from Lyons where he and Cardinal
Clemens de Monte Alto, Italy, had gone to settle a local dispute. The Emperor
stopped at Auvers to prepare a sumptuous feast for the Cardinal. At the end
of the entertainment Julius de Berry presented the Emperor with dishes of
ripe strawberries. The Cardinal was greatly impressed, and, after seeing and
tasting the berries, he declared that such fruit would certainly be a rarity in
3 Throughout the seventeenth century the Bourbon rulers of France had tried to break the
powers of the Hapsburg Empire which surrounded them on all sides. Then in 1700 Charles
I1, king of Spain, died childless and left his regency to the grandson of Louis XIV of France.
Louis XIV defended the rights of his grandson for eleven years against an alliance of Austria,
England, Holland and Brandenburg, from the outbreak of the War of the Spanish Succession
until its settlement in the Peace of Utrecht, 1713-1714. The condition of the peace was that
France and Spain should remain forever disunited, although Louis XIV’s grandson was
permitted to retain the Spanish throne. The French king knew his influence would be

limited to the lifetime of his grandson. Frézier's mission represented the French king’s
efforts to get the most out of a temporary advantage.
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Italy. He marvelled that such berries could be ripe in the early part of May.
The Emperor was so pleased with Julius’s timely offering that he knighted
him and changed his surname from Berry to Fraise, a name which later
became Frazer. The Emperor also gave the family three fraises or stalked
strawberries for their coat of arms (Plate 4-1).4

Several of the Frazers emigrated to Scotland in the mid-1000’s as members
of the company sent by King Henry I of France with his ambassador, Count
Chatére, to honor the reign of King Malcolm III who had vanquished Mac-
beth. The Frazers fought well in King Malcolm’s battle against the invading
Danes and he honored them with grants of land. He gave the family a shield
and coat of arms of azure with a triangular field topped by a crown. Within
this triangle was their original crest of three fraises. Later, in the sixteenth
century, one of the Frazers returned to France to escape political troubles in
Scotland. He settled in the southeastern Savoy region, on the Swiss-Italian
border and from this ancestor there descended Amédée Frangois Frézier,
who by name was certainly the appropriate man to introduce from Chile
the mother of the modern strawberry, F. chiloensis.

The father of Amédée Francois was a distinguished attorney of law at
Chambery and he had wanted his son to follow him in the law. The son, how-
ever, showed an insurmountable aversion to law. The boy’s precocious intel-
ligence, exceptional aptitude for the sciences and his facility for foreign lan-
guages persuaded his father to send him to Paris to study at the center of the
French academic world. For three years Frézier studied science with a strong
complementary dose of theology. Under two famous teachers he wrote his
first essay on a subject in which he became expert as an explorer some years
later. It was entitled: “Treatise on Navigation and the Elements of Astron-
omy.” His scientific studies completed, Frézier set off on a trip to Italy where
he developed a taste for art. He took special notice of architecture and what
he learned he later applied in his engineering of fortresses and defense
structures.

Around 1700 Frézier returned to France and accepted a lieutenantship in
an infantry regiment. Meanwhile, he exploited the leisure of garrison life to
publish a Treatise on Fireworks in 1706. Until then pyrotechnics had mainly
military uses. Frézier was interested in the spectacular fireworks displays for
ceremonies. In his book he provided a review of earlier studies and their
instructions for the manufacture of decorative fireworks. The book became a
text for fireworks makers. The attention it received won for Frézier a trans-
fer to the military intelligence corps, as military engineer for Saint-Malo.
At last he was able to work exclusively with science. Garangeau, Frézier’s

4 Most of this information on the early history of the Fréziers or Frazers came to the author
via Charles Dyson of Scarsdale, New York, who is an expert on the clans of Scotland.
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superior officer, praised his zeal and skill in several reports and it was on
Garangeau’s recommendation that Mr. Pelletier de Souzy, the minister of
fortifications, suggested Frézier as the man to study the defense fortifications
of Chile and Peru—the mission from which Frézier would return to France
with the Chilean strawberry.

After several false starts and delays caused by storms, calms and the loss of
an anchor, Frézier sailed on January 7, 1712, aboard the St. Joseph, an armed
merchant ship. The company finally reached the open sea without the feared
attacks from pirates. Pirating was a sport the French enjoyed themselves when
conditions were favorable, for Frézier recorded: “During that time, we discov-
ered a small ship, which we judged to be Portuguese from the island of
Madera, but the sea ran too high and we had too much business of our own
to go about taking prizes.”> After a long 160-day voyage round Cape Horn,
Frézier arrived in Concepcién, Chile, on June 16, 1712.

This was his base for more than a year and a half. He posed as a merchant
captain so that he could visit the fortifications as a tourist. All the while he was
studying them for Louis XIV, sketching maps which showed the best ap-
proaches for attack, where ammunition was stored and the routes of escape.
He made friends with the Spanish officials who, had they known the true
nature of his assignment, would have had his head. In his report Frézier was
able to estimate the strength of the Spanish administration in each area he
visited and he reviewed the organization of the government, its power over
the Indians, and the unity and support that could be expected among the co-
lonial governors. He noted that the Spaniards were just beginning to develop
their gold and silver mines and he predicted these would become a source of
great wealth to them. This part of his report was to be of such interest to the
other European nations, that Frézier’s book was translated immediately after
its appearance in French, and within three years was available in English and
other major European languages. In his excursions to the ports and capitals
of Chile and Peru, the traveler also reported on the operations of the Church,
the social organization and customs of the Indians, the physical geography of
the area and its agricultural products. He remarked upon everything from
earthquakes to the diversity of the seasons in the plains and in the Cordillera
to the zoology of Peru. His book also contained several descriptions of new
plants he had noticed. Among these was an exceptionally large-fruited straw-
berry plant which he found at Concepcién.

The Indians called the site Penco, “pen” signifying “to find,” and “co”
meaning “water.” Pedro de Valdivia, conqueror of Chile, changed the name
to Concepcién after he had subdued the neighboring Indians and founded
a city there. Concepcién is on the coast where a road by the same name leads

54 Voyage to the South-Sea. London, 1717, p. 6.
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Fic. 4-1. Frézier's map of Concepcién, Chile, where he found the
F. Chiloensis. Note the valley to the left where the plants were
discovered.

to the beach. The strawberries of which Frézier wrote were cultivated in the
rich soil around Concepcién (Fig. 4-1), soil which the officer described as
“extraordinarily fertile, and so easy to till that they [the inhabitants] only
scratch it with a plow.”® The Spaniards called the strawberry plant the
“Frutillar” and its berries the “Frutilla,” meaning “little fruit.”

There they plant whole Fields, with a Sort of Strawberry Rushes,
differing from ours, in that the Leaves are rounder, thicker and more

s Ibid., p. 75.

30



The Strawberry from Chile 31

downy. The fruit is generally as big as a Walnut, and sometimes as a
Hen’s Egg, of a whitish Red, and somewhat less delicious of taste than our
Wood Strawberries. I have given some Plants of them to Monsieur de
Jussieu, for the King’s Garden, where Care will be taken to bring them
to bear. Besides these, there is plenty in the Woods of our European Kind.
And in Short, all manner of Garden-Product among us, grow there plenti-
fully, and almost without trouble.

It was this description, quoted here from the 1717 English translation of
Frézier’s book, which was to fascinate European botanists and gardeners. Any

Fic. 4-2. Frézier's somewhat stylized but life-size drawing of the
Chilean strawberry as he saw it growing near Concepcién.
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plant that could produce strawberries as big as a walnut had great value and
so, as samples of F. chiloensis passed back and forth, each recipient would
take care to note his experience with the plant.

Frézier accompanied his description with a somewhat stylized drawing
(Fig. 4-2) of the “Fraise du Chile dessinée au grandeur naturelle,” the Chilean
strawberry drawn in its natural size, showing fruits, but no flowers, and
which he described in Latin as “Fragaria Chiliensis, fructu maximo, foliis
carnosis hirsutis, vulgo frutilla,” Chile strawberry with big fruit and leathery
hirsute leaves commonly known as Frutilla. Fifty years later Frézier discussed
the cultivation of F. chiloensis at Concepcidn in a letter he sent on November
18, 1765, to Antoine N. Duchesne who was writing a book on strawberries:?

They are found in the little valley plains where one can conduct a small
stream to water them, as is done for the fields in several places in France,
because it only rains in Chile during two months of the year, during three
at most, in the wintertime, which corresponds to our summer, due to the
situation of the southern temporal zone. . . . The berries are brought back
in such abundance to the city of Concepcién and the vicinity that people
sell them at the market like other fruits. For half a real, which is the lowest
money, one gets one or two dozens, wrapped in a cabbage leaf.

Frézier left Concepcion on February 19, 1714, and after stopping off at
Brazil and the Azores he reached Marseilles on the 17th of August. With him
he carried several of the strawberry plants to which he played nurse through-
out the voyage. He described the return trip in the same letter to Duchesne:8

I returned in a merchant vessel from Marseilles, owned by the Bruny
brothers, whereon they had placed as Supercargo, that is to say, entrusted
with commerce, their nephew, M. Roux of Valbonne, who, after the cap-
tain, had the sole right to regulate the consumption of fresh water, which
is very precious in a voyage of six months sailing . . . . through the torrid
zone; so that if he had not taken it to heart to water these plants encased
in a pot of soil, it would have been impossible for me to preserve them
until our arrival at Marseilles, where there were five living ones, of which
I had three and he two. I gave one of them on my arrival in Paris to my
friend, M. Antoine Jussieu, to cultivate in the King’s Garden, and one to
M. Peletier of Souzy, our minister of fortifications, and kept the third for
myself.

On his return, Frézier was honored by a presentation to Louis XIV, who
had him explain the maps he had drawn. The king then marked his satisfac-
tion with the mission by awarding Frézier 1,000 écus from the royal treasury.

7 Duchesne, Antoine Nicolas, L’Histoire Naturelle des Fraisiers. Paris, 1766, p. 186.
8 Duchesne, op. cit,, p. 182.
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Louis XIV died before Frézier’s observations could be published so in 1716
the book was dedicated instead to the Duke of Orleans, the regent for young
Louis XV. Frézier's Voyage to the South Sea was praised by such scientists
and geographers as Halley, Reimur, and Robertson and in such publica-
tions as Scevari’s Dictionary of Commerce, the Journal of Arevoux (the
Jesuit critical literary publication) and in the Historical Atlas of Holland.
Perhaps the greatest tribute was its translation into German, Dutch and
English within three years after the original French edition.

Meanwhile, Garangeau, Frézier’s superior at Saint-Malo, again requested
his services for defense construction. In 1719 Frézier was sent as Engineer-in-
Chief to Santo Domingo on a two-year assignment to fortify the island. There
malaria nearly killed him but he was too useful to his superiors to permit
his return until nine years later when he was sent first to Philipsbourg and
then to Landau, Germany, where he built twenty-six defense structures. This
last assignment was the basis for a characteristically scholarly and precise work
applying theories of architecture to practical engineering. Frézier married,
was commissioned a captain, and in 1739 was named Director of Fortifica-
tions for the whole of Brittany. He finally retired from his sixty-four years of
service at the age of eighty-two. At eighty-seven he was still writing on such
diverse subjects as navigation and landing methods for the Lucayes Islands,
the aesthetics of architecture, and on the purification of unhealthy water
which could make even sea water drinkable. Even when his sight weakened,
five years before his death in 1773, he made himself read at least six hours a
day, especially books on travel and history.

Activity had always characterized Frézier’s life and even in his last years
he lived at a pace one would associate with a far younger man. An example
is his correspondence which was extensive and which included literary men
as well as scientists. They consulted him with confidence and found him
pleased to share his insights. Always one to insist upon precision, he scorned
presumptuous ignorance. He disdained envy as well, calling it a great and
humiliating weakness. His associates said he was as delighted with a discovery
as the inventor himself. One biographer described him as the representative
of the universal character of the enlightened eighteenth-century man.?® The
Secretary of the Royal French Marine Academy, writing of Frézier in the
flowery phrases of the era, said: “Amédée Francois Frézier has rendered his
name dear to Letters, to Art and to Science, which he cultivated with success,
to the Corps du Genie (Intelligence Corps), from which he acquired his fame,
to the Marine Academy, of which he was the ornament for a long time, and to
the Society of which he was the delight.”1° This was the remarkable man who

9 Nécrologe des Hommes Célébres de France. Paris, 1766.
10 M. de Marguery, Eloge Historique de M. Frézier, p. 159.
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had the curiosity and initiative to transplant the first Frutillar from Chile to
France.

What did the plant from Chile look like? What characteristics would it
communicate to its offspring, F. ananassa? Comparing it to the familiar
European wood strawberry, botanists noticed that its brownish green leaves,
though the same size as F. vesca, were much stouter, thicker and more stiff
and leathery, with big teeth and with prominent veins on the very pale
underside. The runners were also much bigger and at least triple the length
of those of the wood strawberry. “It is not rare to see the nodes of these
runners borne at 15 or 18 inches from the old plant,” Duchesne wrote of the
plant in 1766. The hardy pedicels were almost ligneous. Another obvious
difference was the heavy pubescence of the Frutillar, which was covered with
long, appressed, whitish hairs on the underside of the leaves and especially
on the stems and sepals. These sepals were numerous and remained spread
out flat on unfertilized flowers but closed again on fertilized ones once the
petals fell.

And then there were the few, but enormous, flowers: “One often sees that
an écu of six francs cannot cover it,” said Duchesne, describing the diameter
as more than one and three-fifths inches.1* There were many petals, a single
one equal in area to the entire flower of F. vesca. In cool sunny weather they
gave off a strong perfume, which Dillenius also had noted in his Hortus
Elthamensis: “Flores teneum Oxyacantha ordorem spirant.” In the female
flowers forty or fifty short stamens, instead of the usual twenty, pressed
together in three or four mixed rows, and pointed in all directions around
the young receptacle, itself the size of a small F. vesca fruit.

The fruits were proportionate to the flower in size, although Frézier
found them to be smaller in Europe than those he had seen in Chile. The
ovaries, though quite a distance from each other, formed only shallow pits
in the solid flesh of the berry; each ovary was three to four times bigger than
those of F. vesca, and a deep, dull red in color. In ripening, the berry was
red above but yellowish-white below, with a most pleasant odor. The berries
were commonly elongated and angular, some rounded and a bit pointed.

Another characteristic feature, and a remarkable one, was the strength
of the pedicel. At the moment of ripeness, instead of hanging down with the
weight of the fruit as in other strawberries, it bent upward so that the point
of the berry faced toward the sun. The Frutillar began to flower in France at
the time F. vesca bore its first ripe fruits and the berries were not mature
until the end of June, a month later.

What happened to Frézier’s F. chiloensis plants upon his return to Mar-

11 Duchesne, op. cit., pp. 170-176.
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seilles in August 1714? As he wrote Duchesne in 1765, he gave two of the five
plants to Mr. Roux de Valbonne, the officer in charge of the water supply,
who had kept the plants alive by watering them during the long sailing. An-
other specimen went to the head of the King’s Garden at Paris, M. Antoine de
Jussieu. Frézier kept one plant for himself, and the remaining one was given
to his superior, M. Pelletier de Souzy, the minister of fortifications at Brest.
Between 1714 and the publication of Duchesne’s monograph on the straw-
berry in 1766, a large prosperous strawberry industry developed at Brest, sup-
plied by fruits from F. chiloensis pollinated by other species. Perhaps the
plant sent to M. Pelletier de Souzy in Brest started this culture. Or perhaps
Frézier’s own plant was the mother of that industry. After publication of his
book in 1716, Frézier returned to Saint-Malo in Brittany, in command of the
construction of fortifications upon the request of M. Garangeau, his former
patron. Was it then that he delivered runners from his Frutillar to the local
gardeners of Brest, exciting them with his claims of the marvelous properties
of his new strawberry? Or did he survey the Brittany coast until he decided
that the port of Brest would best simulate the coastal climate of Concepcién?
He left for Santo Domingo in 1719, returned to France in 1726, and two years
later he left for Germany where he remained until 1739, after which he
returned to Brittany. Perhaps during one of these interludes the Chilean berry
was introduced. In 1765, Frézier wrote Duchesne from Brest that “this city
and its vicinity are so well provided with strawberries that one finds them
for sale at the market.”12 According to Duchesne, Frézier had himself culti-
vated the Frutillar after his return to France.

The imported Chilean strawberries had a difficult time in Europe at first.
They grew vigorously, but even at Brest produced none of the fruit “as
large as a hen’s egg” which had recommended it to Frézier. Indeed at first the
plants produced no fruits at all. Unwittingly Frézier had selected female
plants in Chile; at least the five which reached France were female. The bota-
nists of the King’s Garden at Paris, always eager to receive and exchange new
plants, preserved several specimens of F. chiloensis in their herbaria and,
according to Duchesne, these were all female. Antoine de Jussieu, head of the
King’s Garden, and true to the international spirit of eighteenth-century
science, wasted no time in sending propagations of his plants abroad. In 1720,
just six years after Frézier’s return, the great Dutch botanist Boerhaave, pub-
lished a description of F. chiloensis grown from runners sent to Leyden,
Holland, from the King’s Garden in Paris. He designated it as ‘“Fragaria
crassis rugosis soliis flore semine carens” and called it the “Chili strawberry
without blooms or fruits.”13

12 Ibid., p. 187.
13 Boerhaave, Hermanno, Index Alter Plantarum Quae in Horto Academica. Lugduno-
Batavo Aluntur, 1720, p. 165.
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From Holland, Philip Miller introduced the plant to England. “I brought
some of the plants from Holland, Anno 1727, which thrive and increase
exceedingly, but as yet I have obtained no Fruit; the last Season, Anno
1729, they produced great Numbers of Flowers, which were larger than the
Hautboy Strawberry, in proportion to the Bulk of its Fruit; but I am in
Hopes next Season to obtain some Fruit in Perfection: I observe they thrive
best when they have only the Morning Sun, and do require frequent Water-
ings in dry Weather,” wrote Miller in the 1731 edition of his Gardener’s Dic-
tionary. In the 1752 edition Miller was more exact about his source and ex-
plained that “in 1727 I brought a parcel of the plants to England, which
were communicated to me by Mr. George Clifford of Amsterdam, who had
large beds of this Sort growing in his curious gardens at Hartecamp.” Miller
had given a specimen to Dillenius, assistant to James Sherard who owned
one of most richly stocked gardens in the world at Eltham. Although the
plant flowered in 1730, it was a female similar to Boerhaave’s and bore no
fruits. Thus Dillenius engraved a flowering specimen without fruits in the
Hortus Elthamensis (1732), a descriptive catalogue of the plants in Sherard’s
garden (Plate 4-2).

All the botanical gardens were having the same difficulties: Frézier’s
female plants seldom produced fruits. Duchesne, in 1766, was to explain the
trouble. Female plants had to be fertilized with the pollen of other straw-
berries and not all strawberries could pollinate F. chiloensis. Only strawber-
ries with large fruits like F. moschata, F. virginiana and later, F. ananassa
were successful. Meanwhile, no European before Duchesne seemed aware
of the separation of sexes in strawberries. Philip Miller had cautioned in
1759 that if the gardener was careless and selected strawberry plants at ran-
dom, the majority of the plants would become barren. “These are generally
called blind, which is when there are plenty of smaller flowers but no fruit
produced,” he wrote, and described such flowers as well-supplied with
stamens but lacking female parts with few if any styles and producing
deformed fruit at best.

It was Duchesne who taught that the male flowers Miller described were
valuable as pollinators. Probably Frézier, anxious to select superior speci-
mens to introduce to France, had collected those plants which bore the
largest fruits among the cultivated Frutillars of Concepcién. These must
have been females since males would produce no fruit.

Eventually some F. chiloensis plants in Europe did bear. Although disap-
pointed in his barren plants in London, Miller wrote in the same 1731 edi-
tion of the Dictionary that the plant “has produced Fruit several Years in the
Royal Garden at Paris, where Monsieur Jussieu assured me, it was commonly
as large as a small Apple.” Two years later in his 1733 edition Miller could
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add: “and this season there has been Fruit in several Gardens near London,”
but for many years the English lacked the success and consequent appreciation
for the Frutillar which the French showed. Successive editions of Miller’s The
Gardener’s Dictionary are like the readings of a barometer measuring the
rise and fall of England’s affection for the Chile strawberry. The comments
on F. chiloensis from the third edition of 1737 are an example:

I brought some of the Plants from Holland Anno 1727, which thrive
and increase exceedingly; but these bear very indifferently and the Fruit
being less delicate than the Hautboys (F. moschata), few Persons care to
propogate this Sort in England. These plants have been placed in the Sun,
and cultivated with Care, but have never succeeded where they have been
thus treated. I have observed that they succeeded best where they have
been grown under the Shade of trees, in a loamy Soil, and little more Care
taken of them than to keep them clear from Weeds.

Three years later, in 1740, Miller observed that the Chile strawberry “is
now but little esteemed in England, the Fruit being ill-tasted. This Kind has
produced Fruit of Late Years in many Gardens; but in general the Fruit is not
so large as those of the Globe-Hautboy Strawberry, and is of a very irregular
Form.”

In 1737 the Chile strawberry appeared in a descriptive catalogue of Clif-
ford’s garden at Hartecamp in Holland. The author of the Hortus Cliffort:-
anus was none other than Linnaeus, the famed naturalist of Sweden. Linnaeus
had recently received his medical degree in Holland and had then been hired
by the wealthy Amsterdam banker, George Clifford, as his physician and
botanist. Linnaeus cited first Frézier and then Dillenius and Boerhaave in
describing the Chile strawberry but he called it Fragaria chiloensis instead of
Fragaria chiliensis as named by Frézier. Perhaps Linnaeus thought the plant
came from the island of Chiloe off the coast of Concepcidn, while Frézier had
been careful to use chiliensis to designate the country itself.

In 1736 Linnaeus was sent to England to meet Philip Miller to whom
Clifford had sent F. chiloensis and to whom he was later to send an early
specimen of the modern strawberry, F. ananassa. Miller had been brought
to London by Sir Hans Sloane to head the new London Apothecaries’ Garden
at Chelsea. The garden gained a leading position among the great botanical
collections under Miller’s supervision. Miller’s Dictionary was for a long
time the standard dictionary of English gardening, and its fame soon went
beyond England. After the first awkward meeting with Miller, a great coop-
eration developed between Linnaeus and Miller, and the latter finally cham-
pioned the Linnaean system of classification. Miller gave Linnaeus numerous
specimens of plants for Clifford’s garden as well as dried specimens for the
herbarium. The close contact among the botanists of this period and their
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eagerness to exchange specimens from their collections were responsible for
the rapid dissemination of the Chilean strawberry in Europe. Linnaeus enters
the story again later. (See Plate 4-3.)

The French had much better luck than the English with F. chiloensis. The
sharp-eyed gardeners of the Plougastel region of Brittany around Brest had
observed that the Chile strawberry bore abundant fruit when F. moschata and
F. virginiana were planted in between the rows of F. chiloensis. In a similar
climate nearby at Cherbourg, M. des Nouettes-Grou wrote that he had been
cultivating the Chile “with success by means of pollens from native berries
which succeeded very well for me . . . in 1758 and 1759.” Two of his berries
were 714 inches in circumference.'* The botanist Du Hamel observed in 1764
that “in the better tended plantings, half the strawberries were of an entirely
different sort, which are called regionally “Barbary strawberries.” These
proved to be F. virginiana and F. moschata plants.

The French found that F. chiloensis had a very determined preference
for a marine climate and its cultivation remained confined to Plougastel.
Attempts to cultivate it in Anjou, Touraine, and the lower-Loire areas
failed. For more than a century, until about 1875, the Plougastel’s harvest sup-
plied the cities of Brittany and the English markets as well. After 1875 the
popularity of F. chiloensis began to diminish as new, large-fruited varieties,
of which it was the mother, replaced it. In 1887, Mme. Elisa Vilmorin?s
recorded that the strawberry fields planted to F. chiloensis still covered one
hundred and eighty acres, while by 1900, of the three hundred acres devoted
to strawberries in Plougastel, only fifty acres were planted to the Chilean
strawberry.

By the mid-1700’s the strawberry from Chile was no longer simply a curi-
osity in the botanical collections of the wealthy and of the universities. It was
beginning to be grown commercially around Brest, the only place in Europe
where it succeeded. Its hybrids, which were accidental results of using F. vir-
giniana as the pollinator for F. chiloensis (there is little evidence that the
cross of F. chiloensis x F. moschata ever produced fertile plants), were more
adaptable, and gardeners in England, Holland and France made careful selec-
tions for large-fruited varieties of F. ananassa, as the hybrid was called. This
led to the gradual abandonment of its parent, F. chiloensis, except around
Brest.

As Captain Frézier was central to the story of the introduction of F.
chiloensis, so Antoine Nicolas Duchesne is central to the story of its hybridi-
zation which followed, for Duchesne was both an active experimenter and a

14 Ibid., p. 187.
15 Decaisne, Joseph, Le Jardin Fruitier du Muséum, Volume 9. Paris, 1862-1875.
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chronicler of this period. Yet without European curiosity in New World
botany, Frézier’s five plants of F. chiloensis would not have been propagated
and distributed so early to so many growers. For several centuries, large-
fruited strawberries might have remained exclusive to the western coasts of
the Americas.



H
Duchesne and His Work

ON JuLy 6, 1764, Antoine Nicolas Duchesne (Fig. 5-I) personally presented
King Louis XV with a pot of strawberries. The fruits were specimens of the
Chilean berry (Fragaria chiloensis) and had extraordinary size and beauty.
Fruiting F. chiloensis was a rare sight since the plants were female, but the
seventeen-year-old boy had used pollen of the musky strawberry (F. moschata)
with spectacular results. On the advice of his head botanist, Bernard de
Jussieu, the king honored Duchesne by ordering Mademoiselle Basseporte, the
famous botanical artist, to paint the berries for the collection in the Royal
Botanic Library. In addition, he authorized Duchesne to raise more F. chilo-
ensts in the royal kitchen garden at Versailles and to collect all varieties of
strawberries known in Europe for the Trianon garden.

Two years later, research and experiments produced the most scholarly,
complete treatise ever written on the natural history of the strawberry. For
a nineteen-year-old boy it was a remarkable achievement, but it was more
remarkable still as an illustration of the cooperation and enthusiastic involve-
ment of eighteenth-century scientists, farmers, and home-gardeners in at-
tempts to exploit the variation of nature. Duchesne wrote to all of them for his
collection. He wanted their plants and their descriptions of the behavior of
wild and cultivated strawberries in their regions. He pressed them to specu-
late with him about the directions nature had taken in the past and why. They
did their best to answer him, from their chairs in the great universities, from
the rounds of a village priest, from gardens in the countryside of England,
France, Switzerland, Germany, and Sweden, and from the Office of Naval
Defense in Brittany. Their lives and attitudes were not comparable in many
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Fie. 5-1. Portrait of Duchesne, who at the age of nineteen wrote a

study of the genus Fragaria which has become a classic in natural
history.

respects, and when Duchesne asked them to consider the strawberry he found
the same diversity in their experiences with it. Yet their replies to his ques-
tions were the materials for his balanced and reasoned discussion of straw-
berry evolution. The conclusions he derived generally remain valid today.

The discovery that strawberry plants could be unisexual as well as bisexual
set Duchesne off on his study of natural history. He first found unisexual
plants in the musky-flavored strawberry, F. moschata (Fig. 5-2), and then
noticed the same condition in the foreign strawberry from Chile, F. chiloensis.
There were no male Chilean strawberries in Europe, but with male F.

moschata (Fig. 5-3) planted nearby, female F. chiloensis would produce the
enormous fruit for which it was famous.

N
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Fragaria chiloensis had not flowered in Duchesne’s garden in the spring
of 1764 so he and his father had asked M. Richard, the king’s botanist-gar-
dener at the Trianon, the Royal garden at Versailles, to send them some F.
chiloensis to study. On the 29th of May Richard sent a single potted plant
with one stem and two branches, which were divided into eight pedicels. In
all there were eight buds, two of which were long past blooming and one
which already had withered. No berries had formed. Duchesne recognized at
once that the flowers were female and despaired of obtaining any fruit as he
knew of no male F. chiloensis. The plant did resemble F. moschata and so he
placed it in his collection of strawberries, next to male F. moschata. Hardly
had the petals of one flower fallen when on June 6th he saw its receptacle
beginning to enlarge, the first stage in the formation of a berry. A little later
he was certain that the fruit had set. “I did not doubt for an instant that the

Fig. 5-2. A stem of female Fra-
garia moschata. Duchesne’s dis-
covery of unisexuality in this spe-
cies helped him recognize the
same characteristic in Fragaria
chiloensis. (by Duchesne)
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neighboring F. moschata had fertilized it,” wrote Duchesne (Fig. 5—4).! The
next three fruits also set. Duchesne removed the last two flowers so the plant
could concentrate its strength and develop bigger berries from the flowers
already fertilized. The first of the berries, which was very large, ripened dur-
ing the first days of July and the others soon followed.

How did such experiments in natural history come to capture the Du-
chesne boy’s attention in the first place? He was born October 7, 1747, at Ver-
sailles, where his father, an architect and painter, had inherited the post of
superintendent of the king’s buildings, an office created for his father by
Louis XIV. Left motherless at birth, the boy received the devoted attention of
his scholarly father, a man learned in Greek, Latin, and several modern
languages, a lover of the fine arts and the natural sciences. All his knowledge
was concentrated on his son’s education. As a four-year-old the child could

1 Duchesne, Antoine Nicolas, L’Histoire Naturelle des Fraisiers. Paris, 1766.

Fic. 5-3. A male Fragaria mos-
chata plant. Gardeners in the
early 1700’s tore this plant from
their strawberry beds because it
did not fruit and so was said to
be sterile. Duchesne found its pol-
len was necessary to fertilize the
female plant and he used the pol-
len on female Fragaria chiloensis
and made this “stubborn” straw-
berry produce fruit. (by Du-
chesne)
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Fic. 5—4. Duchesne’s drawing of the Chilian strawberry whose flowers he fertilized
in 1764 with the pollen of a male F. moschata. This was a handmade pollination
between the two species and Duchesne presented the fruiting F. chiloensis to King
Louis XV, so remarkable were the large berries which resulted.

read, knew four hundred Latin words, and could recite numerous historical
anecdotes which his father had taught him in discussions or in the instruc-
tive games he invented. His father kept him occupied constantly, varying his
studies to maintain interest. As soon as the boy was old enough the two
began a series of walking tours which took them around Versailles and Paris
to public and industrial establishments; later they walked to Fontainbleau,
Campiégne, Le Hévre, and Reims, where the boy watched the coronation of
Louis XV. M. Duchesne insisted that his son miss nothing, and urged him to
puzzle over all he saw. He made a small notebook for him in which to describe
their observations of each excursion. Soon the boy was recording his own
observations from these walks (his father insisted they travel everywhere on
foot). Meanwhile, lessons progressed in Greek, Latin, English, and Italian,
and in history, geography, mathematics, drawing, and music. The zealous
teacher made every childhood amusement and game a physical or moral
means of instruction.

Natural history was the boy’s favorite subject. In his free moments he
would visit the Trianon Garden, which his father supervised as superintendent
of the king’s buildings. The collection of the botanic garden fascinated him.
But more engaging than the garden itself was the kindly royal botanist,
Bernard de Jussieu, who allowed the boy to follow him about the countryside
in his gardening work. The shy, solitary scientist began to instruct his small
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companion in the botanical characteristics and methods of classification of the
plants they handled. He taught him how to make plants reproduce and what
to do with the seeds, bulbs, and runners. He pointed out strange features, like
the separation of sexes on some plants, and insisted on precise notation of
the particular seasons for transplanting, fertilizing, pruning, and the effects
of temperature changes.

Good fortune had brought Antoine Nicolas Duchesne the finest teacher of
natural history in all of Europe. Bernard was second in the five-member de
Jussieu dynasty of botanists who occupied for nearly a century and a half a
pre-eminent place in botanical science. Bernard’s older brother, Antoine, to
whom Frézier had sent an F. chiloensis plant, was ‘“‘Professor and Demonstra-
tor of the Interior and Exterior of Plants” at the King’s Garden (a post for-
merly held by Tournefort). He was also a prosperous doctor with a large
clientelle. In 1714 he brought his fifteen-year-old brother Bernard to Paris
where he became “Assistant Demonstrator of the Exterior of Plants at the
King’s Garden.” Bernard’s job entailed the organization and inspection of
all open-air and hot-house cultivation, the instruction of the gardeners in his
charge, and the leading of botanical excursions into the countryside around
Paris. Bernard also prepared all the courses taught by his older brother, the
busy doctor. Bernard kept house, receiving their few but select friends: famous
botanists like Le Monnier, Duhamel du Monceau, Malesherbes, and Poivre—
along with foreign visitors passing through Paris. Their house became known
as a salon dedicated to scientific discussion. Among the visitors from abroad
was young Carl Linnaeus, who stayed with the de Jussieu brothers for a
month following his departure in 1738 from Hartecamp where he had served
as George Clifford’s gardener and doctor. . . . A strong admiration and warm
friendship united the two greatest botanists of the age and for thirty years
Bernard and Linnaeus exchanged letters, living and dried plants, and seeds.
Their correspondence included criticism of recent publications, comments on
the activities of the French Royal Academy of Sciences (both were members),
and discussions of scientific expeditions, particularly those of friends and
students. Anything new in the world of science interested them—zoology,
biology, and medicine, as well as botany.

Through interest in Linnaeus’ sexual system of classification and his
method of binomial nomenclature, Bernard de Jussieu had developed ideas
of his own on a natural method of plant classification. The earlier botanists
like Ray, Morison, Magnol, Vaillant, and finally Linnaeus himself, had fore-
seen such a relationship but had formulated no rules or descriptions. Ber-
nard’s interest had centered on this by 1759, when King Louis XV, an enthu-



46 The Strawberry

siast for all the sciences but especially botany, requested him to collect all
the plants cultivated in France in the Trianon Garden and to establish a
school of botany there. For several years the king personally followed its
development and encouraged de Jussieu with kindness and friendship.
Modest and hesitant, Bernard wrote only three small essays on botany in
his whole life. He published nothing on his natural method of classification
and left behind no record of the directing principles behind his research. He
used his system in only one work, the catalogue of the plants in the Trianon
collection, but this remained in manuscript form as a list of names which he
revised continually right up to the last hour before his death. Bernard had
refused the vacant professorship left by his brother, who died in 1758, and so
he remained an under-demonstrator, passing most of the day in armchair
meditation across the room from his studious young nephew. The two men
broke their rigorously imposed silence only in the evening when Antoine
Laurent de Jussieu read to his uncle, awaiting his comments and ideas.

By the time the seventeen-year-old Duchesne began his study of straw-
berries he already had published Le Manuel de Botanique. This manual
described the characters and properties of plants cultivated around Paris and
their nutritional, medical, artistic, and ornamental uses. With Bernard’s
approval, Duchesne had given common names to all these plants, carefully
substituting new names for inaccurate or confusing older ones. The praise
scientists gave the book encouraged him to continue his observations. With
Louis XV’s authorization to extend the collection of strawberries in the
Trianon Gardens—the reward Duchesne received for his unusual strawberries
and his eagerness to learn more about them—Duchesne wrote to botanists and
gardeners all over Europe. Frézier, then in Brest, was asked for a detailed
account of his collections of the Frutillar, fifty-one years earlier in Chile. The
village curate from the Montreuil area was pressed into service. Could he
discover the origin of the common market-garden variety of F. vesca, a large-
fruited wood strawberry called the Montreuil strawberry? Von Haller in
Switzerland was asked to send native species. A bishop from Bargemon, a town
in the Alps du Var, searched the countryside at Duchesne’s request to test the
ancient report of a twice-bearing strawberry which grew in the neighboring
mountains.

In his enthusiasm, Duchesne did not hesitate to approach the great Lin-
naeus himself, the old friend of his tutor, Bernard de Jussieu. The dis-
tinguished botanist proved most approachable and for ten years he cor-
responded with Duchesne, exchanging several species of plants and tolerating
(though not accepting) the audacious youth’s criticism of Linnaeus’ own clas-
sification of strawberries. Linnaeus fully approved Duchesne’s initiation of a
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depth study in botany, a most unusual attempt in an age devoted to classifica-
tion and systemization. “When you have completed the history of the wild
strawberries, you will have accomplished something which I long have hoped
that some botanists would do; namely, that they would each choose their
plant family and examine it most thoroughly; in this manner would soon be
attained the ultimate knowledge of plants which now floods botanists with
its abundance,” he wrote Duchesne from Hammarby on September 24, 1765.2

Duchesne did study his plant family, the Fragaria, thoroughly. His
book, which details this study under the title of L’Histoire Naturelle des
Fraisiers, begins with a description of the genus as a whole, and then follows
with an examination of each of the ten species and eight varieties with which
Duchesne was acquainted. He intended to accompany each with a drawing
of the plant as he had seen it growing at Versailles, but he lacked the money
to do so. Several of these drawings, so realistic that botanists have since said
they could survive microscopic inspection, were discovered by this author
in the Paris Muséum de I'Histoire Naturelle and are published here for the
first time. Yet Duchesne’s botanical descriptions could not have been more
exacting and precise. For each strawberry he tried to trace the history of
its European introduction, cultivation, and distribution from the earliest
botanical references in medical books and garden catalogues on up to the
year that his book was published. He included notations of flowering and
fruiting seasons and weather effects for each species. In a truly unusual at-
tempt for his century, he pointed out what he thought to be the oldest and
the newest species and then offered his reasons which were based on the differ-
ences among the species and their distribution. He went on to suggest which
kinds might have descended from which. The order in which he discussed
each species followed this system and the author summed up his ideas in the
drawing of a genealogical tree.

He devoted the second part of his book to strawberry culture. Here he
evaluated the different methods of fertilization, propagation, and the forcing
and retarding of the fruiting time of different kinds. The final section of the
book, entitled Remarques Particuliéres, he divided into four detailed little
essays on puzzling aspects of the natural history of plants which his study of
Fragaria had suggested.

The ten species (or “races” as Duchesne called them) in the order in which
he described them were:

I. The Alpine or Fraisier des Mois (F. vesca semperflorens)
II. The wood strawberry or Fraisier de Bois (F. vesca silvestris) and its
six “varieties”
a) the variegated (F. vesca variegata)

2 Hylander, Nils, Linné, Duchesne och Smultronen. Svenska Linne-Sallskapets Arsskrift 28,
1945.
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b) the white (F. vesca alba)

c) the double (F. silvestris multiplex)

d) the clustered (F. silvestris botryformis)
e) the Plymouth (F. silvestris muricata)
f) the coucou (F. silvestris abortiva)

III. The Fressant or Montreuil strawberry (F. hortensis), a cultivated
garden variety of the wood strawberry with fruits which Duchesne
said were fifteen to twenty times larger than the common Paris
market variety of his day.

a) le blanc fraisier de fressant, a white variety of the above

IV. The runnerless wood strawberry (F. efflagelis).

V. The Versailles strawberry (F. monophylla), a wood strawberry with
simple leaves.

VI. The green strawberry (F. viridis)

VII. The musky or Hautboy or Capiton strawberry (F. moschata)

VIII. The Chilean or Frutillar (F. chiloensis)

IX. The pineapple or ananas strawberry (F. ananassa)

a) The “fraisier pannaché,” a striped-leaved ananassa
X. The scarlet or Virginian (F. virginiana)

Several discoveries important to the new science of plant breeding
emerged from Duchesne’s study, and he showed their practicality by apply-
ing them to the cultivation of strawberries. He was the first to recognize the
separation of sexes in strawberries. Though rarely cultivated today, F.
moschata, the musky-flavored strawberry, was common in eighteenth century
gardens, as its fruits were considerably larger than those of the wood
strawberry. It was a difficult berry to raise, however, since after a few years
in a garden half of the F. moschata plants would be found sterile and had
to be pulled out. Soon the remaining plants would bear less and less and the
gardener would have to search again for new vigorous plants. By studying
F. moschata, Duchesne discovered that the sexes were separated in this
particular species. Unless some of the “sterile” plants were allowed to grow
near the “fertile” fruit-bearing females, not a single berry could be expected
in the whole bed of musky strawberries. Duchesne’s teacher, Bernard de
Jussieu, had pointed out cases of separate sexes in other plants, among them
a peach tree which bore only male flowers and thus no fruit. Linnaeus had
described the Latoch raspberry from Lapland in 1758 which had unisexual
plants, the female flowers bearing only rudimentary stamens. The gardener
of a friend of the Duchesnes, to whom they had given an F. moschata plant
in 1760, had tried tearing out all F. moschata from the garden except one
fertile plant. He propagated this plant from runners until he had filled a
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bed twelve to fifteen feet long with its offspring. The following year he could
not find a single edible berry. “Then regretting the sterile plants which he
had so carefully destroyed, he told me that doubtless they were necessary to
fertilize the others,” said Duchesne.? The gardener recalled that the
stamens on sterile F. moschata were very hardy, but he had not suspected that
the fertile individuals were absolutely barren of pollen.

To the young gardener’s observation, Duchesne owed his first suspicion
of the unisexual character of the female musky strawberry, F. moschata.

Duchesne began experimenting on F. moschata in the summer of 1765.
He took a female, or fertile, plant from a garden where it was growing among
males and set it in a pot. Eight of the flowers were in the process of develop-
ing into fruits, five or six were withered, and about twenty were still buds.
Duchesne cut off those flowers which might have been already fertilized and
five of the developing fruits. He marked the three remaining infant fruits with
thread and placed the pot in isolation on the windowsill of his room. All the
later flowers which opened there withered, but the three infant fruits that he
had marked developed into mature fruit. This experiment convinced him
that a fertile female plant, already bearing young berries, would form no
additional berries when isolated from male plants of its species.

Duchesne next asked himself if F. moschata could be fertilized by pollen
from other kinds of strawberries. He placed another pot containing a female
plant on his windowsill and surrounded it with four F. vesca plants and a
F. virginiana. No fruits formed despite the presence of the other species.
About that time, while walking around Montlhéry, he saw some strawberries
in the garden of the Lord of Villebousin and observed that there were two
female F. moschata growing in a bed of Fressant (F. vesca) strawberries. As
he suspected, they were unfertile through the lack of male F. moschata plants.
“These last two observations,” wrote Duchesne, “while confirming that the
female Capitons (F. moschata) cannot fertilize themselves, seem to indicate
in addition that common strawberries (F. vesca) are incapable of fertilizing
them.”* Independent of these experiments, close examination of the female
flowers themselves showed Duchesne that they needed males as pollinators
since the undeveloped stamens were totally lacking in pollen. He also noted
a secondary sex characteristic—male F. moschata flowers were larger than those
of the females.

In great excitement Duchesne wrote to Linnaeus describing his discovery.
He received a stern injunction to examine his F. moschata “‘males” more
closely. Linnaeus suspected them to be frost-bitten hermaphrodites (bisexual
plants) which he said were easily mistaken for males. “While you are talking

3 Duchesne, op. cit., Part II, p. 28.
41bid., p. 29.
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about sex, I ask that you take care lest you are considering flowers consumed
by a spring frost as masculine, which happens frequently in our country.
I have never seen or observed masculine flowers in any strawberry,” concluded
Linnaeus in a letter of September 24, 1765.5

“No one, I believe, suspected before me the separation of the sexes in the
Capiton,” Duchesne stated in his book.$

Neither was Linnaeus of much help in answering Duchesne’s other ques-
tion about F. moschata. “Did it grow wild in Sweden?” Duchesne had asked,
trying to trace the original source of the plant. Linnaeus, however, had con-
fused F. viridis with F. moschata and thus could not give Duchesne a con-
vincing answer. Linnaeus reported that the green strawberry “is very common
here and completely spontaneous; it grows on all slopes but especially by
roadsides and on the sides of larger ditches, while vulgaris (that is, the wood
strawberry) occurs in open woods, clearings, and burnt woodlands, where

5 Hylander, op. cit.

6 Duchesne, op. cit. During this period the F. moschata had some popularity in English
gardens. Either the English had solved the problem of dioecism unconsciously, by allowing
male plants to remain in their gardens, or by calling another strawberry by the name
F. moschata.

Fic. 5-5. A green strawberry of Sweden (Fragaria viridis). Linnaeus confused this
species with the Swedish garden strawberry, Fragaria moschata, and thus led
Duchesne to believe that F. moschata was native to Sweden and that in its wild state
it was bisexual. (by Duchesne)
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the green strawberry is never seen. I cannot distinguish the green strawberry
from the usual wood strawberry through the plant itself, but only by the fruit,
so similar are the two.”7

In identifying the green strawberry, Linnaeus had cited Bauhin’s Fragaria
fructu parvi pruni magnitudine, the strawberry with fruit as large as a small
plum, as his source. Duchesne believed this was F. moschata, the musky-
flavored strawberry, and not the green strawberry as Linnaeus claimed. The
origin of F. moschata was unknown. Rumors had described it as American
or oriental. It was cultivated in France, England, Sweden and Germany, but
certainly it was not native to France. Yet Linnaeus described it as “completely
spontaneous” in Sweden.

In a discussion of the cultivated Swedish garden strawberry, which he
called F. hortensis, Linnaeus said that this strawberry was grown both in
French and Swedish kitchen gardens and that it differed from the wood
strawberry and the green strawberry of Sweden only by the size of its fruits,
since the fruits of the wood and green berries were the same size. He then
said he thought the cultivated garden strawberry (which was really F.
moschata) must be the green strawberry and he planned to plant a green
strawberry from the wilds in his garden the next year to see if it would grow
berries as large as the garden strawberry.

How could one of the greatest botanists of the day confuse two so differ-
ent species as F. moschata (his garden strawberry) and F. viridis (his green
strawberry)? As Linnaeus himself said, “‘the green strawberry is bleak in
color compared to the wood strawberry, less perfumed, and comes off the
plant with the calyx attached.” The only obvious explanation for his confu-
sion is the use of the common name “strawberries” in Sweden for both
- F. moschata and F. viridis, the green or wild hill strawberry of Sweden.
Duchesne could never be sure that the green strawberry was the true wild
F. moschata (Fig. 5-5).

The discovery of separation of sexes in the musky strawberry alerted
Duchesne to the same possibility in other species and he easily recognized
that the Chilean, too, was dioecious—at least only females had ever been
seen in Europe. Other botanists before Duchesne had attributed the Chilean’s
sterility to its impotent stamens which lacked pollen. Duchesne was the first
to discover a successful pollinating agent for it, thus remedying its sterile
condition. Other botanists had tried to pollinate it with F. vesca pollen but
had failed. Noting its resemblance to F. moschata, Duchesne used the musky
strawberry as a pollinator for the Chilean and produced the famous berries
which he presented to Louis XV in 1764. Noting also that F. vesca pollen

7 Hylander, op. cit.
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had failed to pollinate female F. moschata, Duchesne suggested that this
mutual disinclination might differentiate them as species. With characteristic
caution, he wrote: “Before concluding anything from these observations, it
is doubtless necessary to repeat them (attempts to pollinate F. moschata
with F. vesca), and it would be very useful if several persons should do so.
But if the experiment confirmed this, it seems to me that one could hardly
avoid regarding the common strawberry (F. vesca) and F. moschata as two
species, despite their very intimate resemblance, just as one generally recog-
nizes the dog, fox, and wolf as different species because they refuse to mate
together.”8

The Chilean strawberry had been grown successfully as a market variety
in the Brest area of France for some years. What were the berries used as
pollinators? Duchesne wondered. M. Duhamel, a famous botanist of this
period, attested that in the better-tended plantings of F. chiloensis “half of
the strawberries were of an entirely different sort, which has the regional
name of Barbary strawberry.”? He sent some of these to Duchesne who found
them to be an assortment of F. virginiana and F. moschata. None was F.
vesca. The dioecism present in .F. moschata and F. chiloensis and their ability
to cross suggested a genealogical relationship between the two species to
Duchesne.

He wondered if F. moschata was dioecious in its wild state. Taking Lin-
naeus’ word that the green strawberry of Sweden (F. viridis, also called the
meadow or wild hill strawberry) differed from the cultivated garden straw-
berry there (F. moschata) only in the size of its fruits, Duchesne surmised that
the green strawberry must be F. moschata in its wild state. According to
Linnaeus, this was a perfect hermaphrodite and so Duchesne described it as
F. moschata before its degeneration into the unisexual condition always
found in cultivated F. moschata. “The solidity of the fruit, the large stamens
and the hairiness of the plant leads me to believe that F. moschata owes its
origin to the green strawberry rather than to any other,” he wrote.1® There
was no wild F. moschata in France. Perhaps then, he reasoned, the adaptation
to the climate change between France and Sweden was responsible for F.
moschata’s degeneration. Perhaps F. chiloensis cultivated in Chile was like-
wise bisexual and “perhaps the change in climate has caused the defect ob-
served in ours (F. cholensis in France),” he said.1

In the Trianon Garden Duchesne had discovered a partially bisexual
flower on one of the Chileans which had come from Cherbourg in 1764. In

8 Duchesne, op. cit., p. 40.

9 Duchesne, op. cit.,, Part I, p. 187.
10 Ibid., p. 157.

11 Ibid., p. 179.
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1765 this particular plant had one flower that produced mature seeds while
all the other flowers dried up and died. This one flower produced an imperfect
fruit bearing fourteen ovaries or seeds, and consequently looked rather like a
raspberry. Duchesne planted a few of its seeds which germinated successfully,
proving to him that some of the stamens on the Cherbourg F. chiloensis must
have been fertile. Thus he wrote: “Here is an example of an almost perfect
hermaphrodite (bisexual plant) which supports the possibility of the pre-
existence of bisexual individuals which would have produced other unisexual
or hermaphrodite-unisexual ones.”12 Duchesne kept this individual along
with two runner plants. He also kept the young Chileans derived from its
seeds to compare with seedlings produced by the fertilization of Chilean flow-
ers with the musky strawberry’s pollen.

“To settle this question” of whether a change in climate made Chilean
plants unisexual in France, he was careful to add ¢hat ““it would be important
to import fresh seeds of the Frutillar (Chilean) from Chile, or better yet,
living plants. . . . While supposing, as seems reasonable to me, that the
separation of the sexes or at least of their potency, is natural to this species
(F. chiloensis) and to the Capiton (F. moschata) it is very probable that the
first has originated from the second.” And he added, tongue-in-cheek, “One
cannot object that if there were males and females (of F. chiloensis) in Chile,
people surely would have perceived them in cultivating them, since people
in Europe are still unaware that the Capitons are not hermaphrodites.”!3
The hole in his genealogical theory, Duchesne admitted, was the lack of an
explanation of the way F. moschata could have traveled to Chile to become
F. chiloensis. Still, it is impossible to ignore Duchesne’s observation in 1766
that F. moschata resembled F. chiloensis more closely than any other European
strawberry. Genetics has since revealed that the somatic chromosome number
of F. moschata is 42 while that of F. vesca is only 14.

Many questions arose in Duchesne’s mind about cross-fertilization among
strawberry species and the characters of the hybrids derived from them. He
was certain that there were consistent laws permitting hybridization between
certain kinds and preventing it between others. He wondered if the capacity
for plants in a genus to hybridize with each other could be the guiding prin-
ciple for distinguishing among species. Future observations, he believed,
would answer four important questions: (1) Whether male Chileans existed
and whether they could fertilize female F. moschata; (2) whether perfect
flowers occur on female F. chiloensis plants, making them capable of self-
fertilization. If so, this would suggest that there have been hermaphrodite
F. chiloensis plants at other times, and that they might have descended from

12 Ibid., Part II, p. 42.
18 Ibid., Part I, pp. 179-180.
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the hermaphrodite F. vesca. (3) Whether F. vesca is really incapable of fertil-
izing F. moschata and F. chiloensis. If F. vesca could not fertilize them it
would invalidate the preceding theory, and consequently would prove F.
vesca a distinct species. (4) Finally, “by examination of the Frutillar (Chilean)
derived from seed fertilized by the Capiton (male musky) which I have sown,
as have M. de Jussieu and M. Richard, and of which several have germinated
already, one will see what changes foreign pollinations effect, and how the
resemblance of children to their mothers and to their fathers is regulated
in plants.” Duchesne hoped that such observations truly would produce new
insight on “that very agitated question: whether the crosses and hybrids in
plants follow the same rules as in animals.”14

The young author was able to observe several of the crosses between the
Chilean and other species. As he had speculated, several of the progeny proved
to be perfect hermaphrodites. These were F. ananassa, which through future
breeding would give our modern, big-fruited strawberry, producing crops
without dependence upon interplanting with other kinds for fertilization.
Duchesne was the first man to identify the parentage of the new strawberry:
“I suspect it to be a cross of the Scarlet strawberry (F. virginiana) and the
Frutillar (Chilean),” he wrote in 1766.15 It was the resemblance of the new
“pineapple” strawberry, or F. ananassa, to both F. virginiana and F. chiloensis
which persuaded Duchesne that it must be an intermediate between them
and he so placed it on his genealogical tree of Fragaria. Duchesne described
its resemblance to F. chiloensis as that of a son to a mother, fertilized by a
foreign father which he believed could only be F. virginiana (Fig. 5-6).

Duchesne’s botanical description of F. ananassa, the hybrid, follows:
The flower stems, branches, and pedicels of F. ananassa resemble those of
F. virginiana though due to their vigor they are larger than those of F.
virginiana by half (Fig. 5-7). The flowers almost equal F. chiloensis in size,
but are more regular, with six petals and a similarly reflexed calyx. The
fruit has no resemblance to F. virginiana but has a pale red color with a
brown and yellowish cast, with very watery but solid flesh, like that of the
musky strawberry and the Chilean. In its center is a rather large cavity
within which is a large, long central core which adheres to the calyx when
the fruit is picked. The ovaries are almost as large as those of the Chilean
and are spread quite wide apart over the surface. The flesh swells very little in
their interspaces, however, and thus is compact. The perfume of the fruit is
closely similar to that of the pineapple. Pyramidal in shape, the berries are
only a little smaller than the Chilean in size. The leaves are larger than
those of the Virginian with petioles nearly twice the length so that each
14 Ibid., Part 11, p. 43.
15 Ibid,, Part 1, pp. 196-197.



Fic. 5-7. Fragaria ananassa, the large-
fruited hybrid which Duchesne identified
by its characteristics as a cross of Fragaria
chiloensis x Fragaria virginiana. He said
the fruit was shaped like a flattened oval,
the first fruits “monstrous” in size, and the
color a dull red and very pale on the un-
derside. (by Duchesne)

Fic. 5-6. The Scarlet strawberry (Fragaria
virginiana). Duchesne was the first to rec-
ognize this species from eastern North
America as the father of the modern straw-
berry. F. virginiana pollen on F. chiloensis
females from the coast of Chile produced
the fertile hybrid F. ananassa or grandi-
flora. (by Duchesne)
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leaflet goes in a different direction, although on a horizontal plane. The
leaflets are more vigorous and thicker than the Virginian’s, so that they have
a rough leathery texture like the Chilean’s. They lack the dense pubescence
of the Chilean, having very little hair. The plants resemble the Chilean in
its vigor and its runners are about as big and as long. In color the leaves
are like those of the Virginian.

F. ananassa (the resemblance of the new strawberry to the pineapple in
odor, taste, and berry shape gave it this name) had been introduced only a few
years before Duchesne wrote L’Histoire Naturelle des Fraisiers. Philip Miller
first cited it in the 1759 edition of the Gardener’s Dictionary and included
an engraving of it in his book of illustrations of the plants described in his
Dictionaries (Plate 5-I).

Although Miller had heard that it had originated in Louisiana or maybe
Virginia, he finally decided it had come from Surinam, for so he was told
by George Clifford, the Amsterdam banker-gardener who had sent Miller
a specimen of F. ananassa (Plate 5-2) just as he had given him F. chiloensis
thirty years before. Because of its resemblance to two or three other species
of strawberry, Miller refused to take the responsibility for naming it as a
distinct species or a new variety from seed. In the 1759 Gardener’s Dictionary
he identified it with F. virginiana as a single species and in the 1760 edition
of engravings he labelled it the “Surinam Strawberry.”

Duchesne saw his first F. ananassa in 1765. M. Richard, the botanist-
gardener of the Trianon, had some F. ananassa plants which he had brought
from England for the king, but which Duchesne thought looked different
from the one in Miller’s drawing. In an article published some years later
in Lamarck’s Encyclopédique Méthodique Botanique, Duchesne discussed
the wide variation common to hybrids of F. virginiana x F. chiloensis, some
resembling one parent considerably more than they did the other.

When in 1764 F. ananassa was brought to Paris by two or three interested
people, Duchesne was informed by M. Le Monnier, professor of the king’s
garden, that it came from the gardens in and around Aix-la-Chapelle
(Aachen), Germany, near Rheims, where it had been cultivated for several
years. Even before 1764, Daubenton had cultivated F. ananassa at Montbar in
Burgundy. In the spring of 1762 Daubenton received three unlabeled plants
from Baron de Worb, M. de Graffenried, of Switzerland, in a shipment of
packaged trees. Baron de Worb grew several foreign strawberries in his
garden, some from Canada and some from Virginia. Did the Baron receive
this F. ananassa from another country or was it produced by an accidental
cross of the Virginian and the Chilean in his own garden in Switzerland?
When Sir Jansin saw a specimen of Daubenton’s strawberry in the king’s
garden he recognized it as one the English had pointed out to him as the
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Double Scarlet, as if to connect it with the Scarlet strawberry (F. virginiana)
and to note that it was double in size. Other Englishmen identified it for him
as the Bath Strawberry, associating it with the name of the city where it was
first cultivated in England.

In 1766, Duchesne also knew of a strawberry from Holland which the
Dutch merchants advertised in their catalogues as the Strawberry from Chile
with fruit in the shape of a pineapple, “but it is known how little one ought to
agree with their nomenclature,” cautioned Duchesne.l® He noted how much
this Dutch berry resembled F. ananassa in the Trianon garden and suspected
that the Dutch fruits would resemble the drawing of Miller’s plant, since
Miller had received it from Amsterdam. Duchesne knew also of a variety
with leaves striped with irregular bands of whitish yellow which he called
F. ananassa variegata. This had been brought to the Trianon Garden from
Holland along with regular F. ananassa.

By 1771, when he published a supplement to his L’Histoire Naturelle des
Fraisiers in Lamarck’s encyclopedia, Duchesne knew several varieties of
F. ananassa. These he now called Quoimios, a name he borrowed from the
English Quoimio or Coamiau and which he applied to all the big-fruited
New World strawberries and their crosses.

First he cited the Quoimios (pineapple strawberry) of Haarlem, Holland,
from a cross whose fruit was the first to be called Fragaria ananassa in bo-
tanical literature. It resembled the Chilean in color and somewhat in the
shape of its fruits, in its flesh, and in its very similar, though fainter, perfume,
so fleeting that people ate the fruit while it was still green or downy. This
variety was a perfect hermaphrodite and produced fruits when planted by
itself. However, the topmost flowers of a cluster rarely developed fruits, and
as this strawberry was late in flowering it was particularly suitable for
pollinating the very late female Chilean. For this reason Duchesne thought
these two ought to be planted in alternate rows. He believed that this
Quoimio probably originated at Haarlem, Holland, and around 1762 spread
to Germany, to Switzerland, and then to England.

A second F. ananassa variety he called the Quoimio de Bath (F. calyculata)
(Fig. 5-8), a variety whose berries were often smaller than those of the Chilean,
but whose plants surpassed all others in vigor and size. Its branches and
runners, equal in size to those of the Chilean, were much less hairy and much
more numerous. The leaves were much larger and the six-petaled flowers had
remarkably large calyxes with sepals clothed on the underside with white
hairs. In shape the fruit was round and a little conical and sometimes flat
and palmate rather than angular. The flesh was very white and light, swelling
a good deal between the ovaries (seeds). In color the berries were dull white

16 Ibid., p. 208.



Fic. 5-8. The delicately perfumed Bath
strawberry was an early variety of F.
ananassa thought to have originated in
Bath, England. In the shade the berry
remained a dull white but under the
sun became a soft, even flesh color and
in substance was very white and light.
Duchesne said the plant surpassed all
other varieties in vigor and size. (by
Duchesne)

F1c. 5-9. The Carolina strawberry was
an early variety of F. ananassa. Its ber-
ries were round and cherryred in color
with a flesh like the wood strawberry in
substance and with a peculiar perfume.
The compact flesh kept well after pick-
ing. Unfortunately, the plant was often
sterile. (by Duchesne)
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if kept in the shade, but under the sun became a soft, even, flesh color. They
had a delicate perfume. The Bath strawberry was a prolific producer and
formed crowns which lasted two to three years. It required sandy soil. The
English had also recently cited a strawberry very similar to the Bath but with
larger fruits which they called the Devonshire strawberry.

The Carolina strawberry, a third F. ananassa variety (Fig. 5-9), resembled
both F. virginiana and F. chiloensis and had the regular, five-petaled flowers
of F. vesca, although much larger. Its fruit was invariably round in shape
with a light flesh almost like that of the wood strawberry in substance. It was
less juicy than other berries and had a peculiar perfume. Since it did not
swell much between the seeds, and thus, Duchesne noted, retained more
color, its appearance was almost a cherry red. This compactness permitted the
berry, if not bruised, to keep its quality two or three days after picking. Its
small leaves, like the stem, resembled those of F. vesca. Unfortunately, the
Carolina was often sterile. Since this occurred only in old plantings, Duchesne
thought it might be remedied by planting the seeds in nurseries with sandy
soil. He gave nothing about its origin.

A fourth variety of F. ananassa was the Quoimio de Cantorbéri (Fragaria
tincta or F. Quoimio). This was the variety first called Quoimio or Coamiau
in England. Duchesne knew nothing of its source. Very like the Carolina
strawberry, its fruits were a little smaller and less regular, and they were
not pointed at all. The fruit had a deeper color which penetrated well into
the flesh so that the juice was red almost like that of the mulberry. The
berries had a high, somewhat strong and wild perfume. All these character-
istics made Duchesne suspect the Quoimio de Cantorbéri to be a pure species
from some area in North America, or at least a naturally occurring variety.

A fifth F. ananassa, the Clagny Quoimio (F. hybrida, le Fraisier de
Murmarais) Duchesne thought a hybrid variety probably derived from the
backcross F. virginiana x the Quoimio de Haarlem (F. ananassa). It resembled
the Virginian in the arrangement of its flowers, the substance of its fruits, and
in its scarlet color. Although it bloomed the earliest of all strawberries, it gave
a small yield. Duchesne first saw its fruits produced in 1770 near Versailles,
in a garden called Murmarais, across from Clagny.

Why Holland is given exclusive credit for the introduction of F. ananassa
(the Quoimio de Haarlem) is an unanswered question, especially since it
would seem that the Brest F. chiloensis, fertilized by F. moschata and F. vir-
giniana, must have produced some F. ananassa seedlings almost at once,
which then most likely spread to other areas of France. Duchesne had been
told that F. ananassa brought to Paris in 1764 came from Aix-la-Chapelle.
Perhaps Holland is credited because Philip Miller received his first F.
ananassa from George Clifford of Amsterdam, or because some of the early



Fie. 5-10. The singleleaved wood strawberry, or Fragaria monophylla, produced
one leaf instead of the characteristic three leaflets. Duchesne named it the Versailles
strawberry as he and his father discovered this sport growing among the wood
strawberries in their garden at Versailles. His curiosity concerning the variation
nature could produce started Duchesne on his study of strawberries. (by Duchesne)

F. ananassa in the French botanical collection at the Trianon Garden and
in the king’s garden at Paris had been brought from Holland.

The Dutch might have made the acquaintance of F. ananassa in two
ways. First, the plant might have been sent from Brest, as the Dutch seed
merchants presumably imported new plants as well as exported them. If
these merchants had requested seed from Brest, they would have received
seed from either F. chiloensis x F. moschata or F. chiloensis x F. virginiana
and Duchesne describes Dutch F. ananassa as intermediate between the latter
two.
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A second possibility is the cross of F. virginiana x F. chiloensis within
Holland itself. Six years after Frézier’s return from Chile, F. chiloensis from
the Leyden botanical garden in Holland was noted in Boerhaave’s botanical
work of 1720. Antoine de.Jussieu had sent to Leyden a runner plant of the
female Chilean given him by Frézier. Assuming that the Dutch were then
cultivating F. virginiana, as there is every reason to believe those marvelous
gardeners did, circumstances favored natural hybridization of the two species.
That this hybridization occurred accidentally seems most likely, since the
Dutch merchants first called F. ananassa, F. chiloensis ananaeformis (F.
chiloensis with the shape of a pineapple) in their catalogues.

Perhaps the most exciting ideas in Duchesne’s depth study of Fragaria
come from questions raised in his mind about the natural history of plants,
for his acumen was such that he constantly sought relationships between
strawberry varieties, and patterns of change and development in living things.
Duchesne’s first letter to Linnaeus, dated Versailles, December 10, 1764, con-
cerned his discovery of monophyllous F. vesca:

Fic. 5-11. After careful observation of the single-leafed strawberry over the years
Duchesne noted that sometimes the leaves became palmate, beginning to resemble
the typical trifoliate strawberry leaf. He sketched these exceptions as evidence of
the continuing variation in plants. (by Duchesne)
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“In the garden of my most adored father, there has originated an off-
spring from seeds of Fragaria vesca, which alone does not have ternate
leaves but instead simple leaves. It has grown here for three years and
exhibits, as it creeps with its innumerable runners, a descendant which
does not differ from the mother plant. In the past months of May and
June it has given flowers and ripe berries with a most delicious taste and
a shiny, scarlet red color, and rich with fertile seeds. I congratulate myself
most highly to be able to place before your eyes and subject to your saga-
cious judgment, this, if I may say so, new marvel of nature, this hitherto
unknown mutation of Fragaria vesca. 1 send you some nodes of this
Fragaria, collected by me, and a living root and at the same time a newly
published little work of mine in botany (Manuel de Botanique), all this
on the advice of our experienced botanist, B. de Jussieu.”

And Linnaeus replied, “Your Fragaria pleased me immensely. I cannot suffi-
ciently marvel as to how it has arisen from Fragaria vesca.”17

The discovery of the monophyllous Versailles strawberry, F. vesca (Figs.
5-10, 11), growing among a collection of wood strawberries in his father’s
experimental garden at Versailles first started Duchesne on his Fragaria
research. In 1761 Duchesne and his father had planted some seeds of the wood
strawberry, which had been in the garden for several years, to see if white
F. vesca berries were produced frequently from plants with red F. vesca
berries. Since the Duchesnes had replanted them too soon and had taken poor
care of them, the seedlings almost all died. The experiment having failed,
Duchesne paid no attention to the few plants which survived until their
flowering time in 1763. Among them, on July 7, 1763, he found single-leaved
F. vesca. By carefully planting all the runners, he had more than sixty living
plants by the spring of 1764, of which about a third gave flowers and fruits
in the normal season. Father and son planted mature seeds of it on June 15,
1764, and six weeks later saw seedlings with simple fourth and fifth leaves
like the first. “One can judge how my surprise increased,” wrote Duchesne.
“I was expecting no such constancy. I began by doubting that it was general,
because of the small number of plants I had raised, but seeing the experiment
repeat itself, in our garden as well at the Trianon, the King’s Garden, at M.
de Jussieu’s, and with several different interested people, it was necessary to
give in and recognize the existence of a new strawberry with simple leaves,
which reproduced itself constantly by its seeds.”18

Here was experimentally supported refutation of the doctrine of con-
stancy or immutability of the species as preached by the naturalists of his day.
The Versailles strawberry was conclusive evidence that variations in a species

17 Hylander, op. cit., p. 19.
18 Duchesne, op. cit., Part II, pp. 12-13.
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could come from seed and that these variations were preserved in successive
generations. How should one classify the new strawberry? The question led
Duchesne into a dissertation on the meaning of variety, species and genus,
in which he pled for unilateral agreement of definition.

By means of hybrid sterility, so the naturalists believed, nature prevented
the formation of new species. Not only did animals of different species ordi-
narily refuse to mate with each other, but when they did mate, their hybrid
progeny resembled both father and mother but could not reproduce them-
selves. In regard to plants, Duchesne said, the doctrine of the fecundity of
hybrids had replaced the law of constancy for the past twenty years, but he
objected that the proofs of hybrid fecundity in plants were unreliable. Now
he could offer the fertilization of F. chiloensis by F. moschata as experimen-
tally supported and respectable evidence. He only was waiting to see if the
seeds of this cross would be fertile like the parents. He believed that the cross
of F. chiloensis x F. virginiana would be a second example. Linnaeus himself
was put under fire in the book when Duchesne criticized the great naturalist
for arbitrarily naming new species and identifying the parents of the hybrids
by using subjective judgments based only on the appearance of the plant and
not upon experimentally supported evidence.

Duchesne’s Fragaria study had convinced him that “species appear fixed
and immutable, but that accidents which make certain individuals vary,
procure in others rather considerable changes which are perpetuated in their
posterity, which thus form a new species.” In agreement with Buffon, a
famous French botanist, Duchesne said that “the crosses (métis) derived from
the mating of two individuals of different species, but of the same genus, truly
become the parents of new species, but the hybrids (hybrides) produced by
individuals of different genera are deprived of the faculty of self-reproduc-
tion.” From this conclusion Duchesne went on to recommend a method of
distinguishing genera from species (or varieties) based on experiments in
plant breeding. ‘“The best without doubt for plants as well as for animals
would be to make the experiment of mating,” he said. “Those which together
produce fertile crosses (métis) would be pronounced of the same genus and
those which refused to do so would be regarded as different genera. It is to
be hoped that experiments of this nature will increase. Botany could only
gain a great deal from them.”1?

As such experiments were difficult, time-consuming and almost impossible
for many plants, botany had taken recourse in examining those parts of a
plant which distinguished it from other kinds. But Duchesne even proposed
modifying the usual method of distinguishing among genera by the number,
shape, proportions and locations of their various parts. Instead, he recom-

10 Ibid., pp. 21-22.
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mended that the classifiers look first at the positions of plant parts and at
their interior structure, since these characters should be as constant in plants
as in animals, for which comparative anatomy served to distinguish among
genera very well. Linnaeus had approached this suggestion in his statement
that the inflorescence, or the arrangement of the flowers, revealed the most
real differences. Why, then, asked Duchesne, were there so few differences so
established in his works? Probably because he created too many genera and
took for generic characteristics those differences caused by the influence of
climate and cultivation, as these traits were perpetuated in the posterity of
these plants. Such groups of plants, according to an axiom of Ray, another
naturalist of the period, were qualified by the name “genus” since they could
not be treated as varieties or as constant species. In the mid-1700’s the botanist
was really a classifier who derived his conclusions from the observation of the
world as he saw it. Duchesne was ahead of his time, a scientist of the age of
experimentation, when naturalists would ask how nature became as it is
and would try to duplicate the process in their laboratories.

Although Linnaeus did not change his earlier statements, he did continue
to correspond with Duchesne, tolerating the youth’s brash challenges. Lin-
naeus planted Duchesne’s gift of the single-leaved Versailles strawberry in a
bed in front of the main building at Hammarby where the famous Peloria
had been planted, a specimen which also confronted the doctrine of con-
stancy of the species, although Duchesne called it unsatisfactory evidence
as its progeny were not fully or consistently fertile.20

One of Duchesne’s questions about the lines of plant development was
whether a profound change in climate or soil could so alter a group of
plants, isolated from the environment of its parents over a long period of
time, that an entirely new species would result. He suggested that the effect
of soil and climate in America had altered European F. vesca into F. virgin-
iana and that European F. moschata had there become F. chiloensis. He
hoped that future experiments in cross-fertilization would clarify the ques-
tion. Erroneous as his theories on the origin of F. chiloensis and F. moschata
may be, Duchesne had recognized the effect which isolation of a species,
under altered environmental conditions, can have in preserving adaptive
changes in plants, a principle appreciated by geneticists today.

Duchesne also showed foresight in his conviction that a fixed temperature
could be determined to tell when strawberries would germinate, release
their pollen, flower, etc. Michel Adanson, the great French naturalist and
contemporary of Duchesne, had done this for certain other plants. In 1766,
Duchesne wrote that he himself had not yet been able to discover these
temperatures for strawberries. He tried to explain the everbearing quality

20 Hylander, op. cit.



A painting by Hieronymus Bosch showing strawberries of
fantastic size. Painting at the Prado Museum in Madrid.
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Mainz Herbarius, “Gart der Gesundheit,” printed
by Gutenberg’s employee, Peter Schoeffer, in 1485.

PLATE 3-1



FRAGARIA MAIOR o
ET MINOR Crdebecr.

Fuchs’s “New Kreuterbuch,”' first edition, 1543. Fragaria vesca.
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This white vesca (ABOVE) was photographed
in Guatemala at 6000 feet above sea level.

PLATE 3-3

This white vesca was given to Walter Von Egidy by Henry
A. Wallace and now grows in his garden in Connecticut,
approximately 1000 feet above sea level. (photo by H. Kessler)
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The Frézier coat of arms shows strawberry blossoms in an
azure field and was awarded by King Charles V of France
for a gift of ripe strawberries in 916. The motto reads “I am
ready,” as was the alert French navigator, Amedée Francois
Frézier, who brought back the first E chiloensis to Europe
from Chile. (From the Tartans of Clans and Septs of Scot-
" land, by W. and A. K. Johnston, Ltd., Edinburgh, 1906)
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Dillenius painted a specimen of the new strawberry from Chile in the Hortus
Elthamensis in 1732, but was unable to show any fruits as English and European
botanists were ignorant of the séparation of sexes in strawberries and so did not
pollinate female E chiloensis with pollen from other berries. Instead they com-
plained of the barrenness of the Chilean strawberry and let it go at that.
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From the British Museum (Natural History), London. Courtesy of Mr. R. E.
Carr. Color transparency from Johann Simon Kerner’s “Abbildung aller
Oeckonamischen Pflanzen,” Stuttgart, 1788. Plate 171, Fragaria chiloensis.
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Philip Miller included this painting of E x ananassa in the 1760 publication of
engravings of plants described in his The Gardener’s Dictionary. He received the
plant from Amsterdam, where he was told it came from Surinam, although he had
heard that it was native to Louisiana or Virginia. Because of its resemblance to two or
three species, Miller declined to name it as a distinct species or as a variety from seed.
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E x ananassa as painted by Mme. Vilmorin in
Le Jardin Fruitier du Muséum, vol. 9, 1862-1875.

Photo of the Ambato variety of E chiloensis
grown for centuries near Ambato, Ecuador.

Fraisier du Bath, also painted by Mme. Vil-
morin; probably the same as x ananassa. - 7
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The Downton strawberry was the first of Thomas Andrew Knight’s selections to
draw attention to the merits of experimental crossing. One of 400 seedlings Knight
raised from crosses in 1817, the Downton had large, oblong fruits and resembled
the Chilean strawberry in many ways. Uncertainty about the Downton’s parentage
discouraged Knight from calling it a definite example of E virginiana x E chiloensis.
(From Transactions of the Royal Horticultural Society, vol. 3, London, 1820)

PLATE 6-1



The Elton strawberry, second of Knight’s famous varieties, came to rival
the Downton in 1828. Had it not been spotted in the Royal Horticultural
Society’s garden for its health, hardiness, bloom, and beautiful fruit,
it might have passed unnoticed, for Knight had overlooked the berry
growing in his own garden. (From Pomological Magazine, vol. 3, 1830)
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Keens Imperial, raised by Michael Keens, a market gardener of Isleworth
in 1906, ranked as the first large-fruited market strawberry of any real
quality. Keens grew it from seed of the Large White Chili. Although
it lacked high flavor, it boasted a deep crimson fruit and symmetrical
shape. Best of all, its projecting seeds made it a hardy traveler, armored
‘against bruises. In 1819 seed from it produced Keens Seedling. (From
Transactions of the Royal Horticultural Society, vol. 2, London, 1818)

PLATE 6-3



drep

Keens Seedling won Michael Keens a silver cup from the Royal Horti-
cultural Society when he introduced it in 1821. Almost a century later
in the early 1900’s it had yet to be replaced as a near-perfect berry. The
sensation it created sparked other growers to attempt their own hybridi-
zations. Keens Seedling blood is to be found in almost every outstand-
ing variety of strawberries cultivated in the northeastern United States.
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Keens Seedling, the first mod-
ern strawberry started in Eng-
land and introduced in 1821.

The Chilean, F. chiloensis, Viscomtesse Hericart de Thury, started
imported from Chile in 1714. in France and introduced in 1850.

The musky strawberry,
E moschata, of Europe.

E vesca, the native wood straw-
berry and the first cultivated
variety of wild strawberries.
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The musky strawberry,
FE moschata, in full fruit,
June 22, Geneva, N. Y.

A row of the wood strawberry,
E vesca, in full fruit at the
Geneva, New York Station.

E chiloensis plant with
fruit, selected at Long
Beach, British Columbia.
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vesca x moschata with

EURLTEES o ae e e
TO RIGHT, fruits of moschata; To LEFT, fruits of
chromosome numbers doubled to give an octoploid. (Photo by Ellis)

Berries of a selected decaploid hybrid (10X) resulting from
crossing a tetraploid (4X) vesca with the cultivated straw-
berry and crossing the resulting 6X back to the cultivated.
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of the strawberries of the Bargemon Alps by this reasoning. Since the tempera-
ture necessary for the flowering and fruiting of strawberries remained the
same there from spring until winter, instead of becoming increasingly warmer
accompanied by a sharp change with the approach of autumn as in the rest
of the temperate zone, the plants continually flowered and fruited in these
mountains until fall. To test this theory, he sent specimens of the strawberries
in his collection to a correspondent in Bargemon to learn if the climate would
produce an everbearing quality in them as well.

First-hand observation of the development of a new variety of strawberry
from seed—the Versailles strawberry (F. monophylla)—led Duchesne to con-
struct a theoretical genealogical tree (Fig. 5-12) which explained how all the
different sorts of strawberries he knew were derived from a single kind—
F. vesca semperflorens (the everbearing wood strawberry).

For each of the races of strawberries I have been careful to indicate
what seemed actually true on the subject, but I do not dare flatter myself
with having always been accurate. To do this well, it would be necessary
to have certain and precise knowledge of the native country of each straw-
berry, or at least from the time it has been raised from seed, and to know
from which other strawberry this seed has resulted. I have demonstrated
how much insight is still lacking about all this . . . One must first recall
that I consider the alpine, Fraisier des mois I (F. vesca semperflorens)
as the father of all the others. It is also at the head of the tree. The com-
mon wood strawberry, Fraisier de bois II (F. vesca sylvestris) which dif-
fers almost solely in its slower rate of growth [and in not flowering through-
out the season he might have added], is immediately below, as if produced
by it.

Duchesne considered the variegated and the white to be varieties of
F. vesca. The double, the cluster, the Plymouth, and the “coucou” or abortive
all seemed to him to be variants of F. vesca, the common wood strawberry.
The Fressant, runnerless, and Versailles he considered to be simply varieties
of F. vesca. But all these varieties, having several common characteristics,
can thus be easily reduced to one common root. These are several branches of
a single house. The ordinary Fraisier de bois (F. vesca sylvestris) is the only
one of the eleven which grows naturally in wild places like the Fraisier des
mois (F. vesca semperflorens).

The green strawberry VI ought to form a separate line. I have said
that it seems to hold particularly to the Fraisier des mois, as its vegetation
is a bit more vigorous than that of the Fraisier de bois. .. . Other particular
characters whose causes can hardly be determined, throw still more inde-



Fi6. 5-12. Duchesne constructed the genea-
logical tree of strawberries to illustrate his
theory that all the largerfruited species
had evolved from a single ancestor, the
wood strawberry, Fragaria vesca silvestris,
or its variant, the everbearing strawberry,
Fragaria semperflorens. Geneticists agree
that on the whole he was correct. (by
Duchesne)

Fi6. 5-13. The Maujaufe de Champagne be-
longed to a group which Duchesne described
as intermediate between the wood straw-
berry and the green strawberry. The watery
flesh of the berries and their long sepals
which clung to the fruit reminded him of
the green strawberry, while the bright red
color and small size of the juicy fruits resem-
bled the wood strawberry. This hybrid is X
Hagenbackiana frequently found in central
Europe. (by Duchesne)
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cision on the origin of this strawberry. Here [in the chart] I suppose it to
descend immediately from the Fraisier des mois.

If the musky strawberry (Capiton VII) is not a plant originally distinct
in origin from the (common F. vesca) strawberry, we must believe that
it is derived from the green strawberry (F. viridis) rather than any other,
as one sees it in the genealogical tree. . . .

The Fraisier ecarlate X (F. virginiana), which is the common straw-
berry of Canada, and Virginia, differs, as I have shown, from the Fraisier
de bois by a great number of minor characteristics. However, it can hardly
have originated from any but this race, and so I mark it in the genealogical
tree. The influence of climate seems to have produced the principal
changes in it, since [such changes] are equally apparent in the two other
American races.

... The Chilean (F. chiloensis) (VIII) originates from the Capiton (F.
moschata) as does the Scarlet (F. virginiana) from the wood (F. vesca syl-
vestris). Indeed, it seems to have been subject to the same changes by the
influence of the same climate, and the separation of the sexes on the
Chilean males and females indicates this affinity.

The pineapple (F. ananassa) IX presents an affinity of a different nature
[in the genealogical tree], because I suspect it to be a cross (métis) of the
Scarlet (Virginiana) and the Chilean. I have stated the reasons for this:
It resembles the former by its leaves, its stems, its flowers, and their sexes;
it approaches the latter by its vigor and by all the qualities of its fruits—
size, color, substance, and perfume.?!

Duchesne’s arrangement of Fragaria with diploid F. vesca kinds followed
by hexaploid F. moschata and finally by octoploid American sorts—F. virgini-
ana and F. chiloensis—is supported today by genetical studies.

Duchesne’s L’Histoire Naturelle des Fraisiers of 1766 lists ten species of
strawberries and nine varieties. In an article in the Encyclopédie Méthodique
Botanique of Lamarck, which appeared only five years later, he lists twenty-
five kinds of strawberries. Duchesne rearranged his classification system in this
later and much more widely known article, based on his continued research
in Fragaria. He divided Fragaria into two main groups: (1) Les Fraises—the
pure wild strawberries with small and numerous ovaries and short stamens,
and (2) Les Caperons—strawberries with large but few ovaries and with long
stamens. The first group was composed of eight sorts. The second group was
divided into four subgroups—the Maujaufes (F. vesca x F. wviridis), the
Breslinges (F. viridis), the Caperonniers (F. moschata), and the Quoimios,
the American species and hybrids, in that order.

(1) The Maujaufes were the link between the Fraises (the first group, F.

21 Duchesne, op. cit., Part I, pp. 220-227.
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vesca) and the Breslinges (F. viridis), and resembled the latter especially in
their tendency to sterility, in their variability when raised from seed, and in
their long, slender branches which bent with the weight of the fruit. They
also resembled F. viridis in the large number and the arrangement of run-
ners, in the long sepals which clasped and adhered to the fruit and in their
watery flesh. In their small size, juicy tender flesh, bright red fruit color, and
leaf color, they resembled F. vesca. The Maujaufe de Provence (F. bifera) and
de Champagne (F. dubia, Fig. 5-13) were the two varieties Duchesne placed
in this group.

(2) The Breslinges or green strawberry (F. viridis) had greenish fruit which
turned red only when exposed to direct sunlight. The berries had extremely
large ovaries, scattered fairly sparsely over their surface, and a very juicy, very
firm flesh. The long calyx was so tightly clasped about the berry that it could
be detached only with difficulty. The leaves were drier and firmer than those
of F. vesca and the Maujaufes, with a duller, browner color, and they were
covered with longer hairs. One portion of the berry frequently aborted and
in general the green strawberry proved extremely variable when reproduced
from seeds, although sometimes it reproduced exactly. The first of the
Breslinges—coucou (F. abortiva)—was an intermediary berry between the Mau-
jaufes (F. viridis x F. vesca) and the Breslinges (F. viridis). Then followed
the Breslinge d’Allemagne (F. nigra of Germany), de Bourgogne (F. pendula),
de Long-Champ (F. hispida), d’Angleterre (F. viridis from England), and de
Suéde (F. pratensis Linn.).

(3) Duchesne listed two Caperonnier (F. moschata) varieties: First came
the Caperonnier Royal, a twice-bearing one from Brussels and the only
hermaphrodite F. moschata he knew; secondly, the unisexual Caperonnier
(F. moschata dioica).

(4) Then came the Quoimios, the strawberries of the New World, and
their varieties from crosses, “of which none is constant, but which among
them form a very recognizable race, intermediate between those of the Chilean
and the Quoimios of Virginia,” said Duchesne. “These two can be regarded
as extremes, the first with very large fruits and very hairy foliage, the other
with much smaller fruits and very smooth foliage . . . the Quoimios are all
rather subject to sterility, especially those raised from seed. As for the rest, one
can hardly cite a common characteristic among them.”22 The six Quoimios
were comprised of the Frutiller, or Chilean (F. chiloensis), the Quoimio de
Haarlem (F. ananassa, F. chiloensis annaeformis), de Bath (F. calyculata), de
Carolina (F. Carolinensis), de Virginie or Virginian (F. virginiana), and lastly,
the Quoimio de Clagny (F. hybrida).

22 Duchesne, Antoine Nicolas, “L’Essai sur L’'Histoire Naturelle des Fraisiers,” Encyclopédie
Méthodique Botanique of Lamarck. Jean Baptiste, Paris, 1783-1817, p. 534.
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The publicadon of L’Histoire Naturelle des Fraisiers did not exhaust
Duchesne’s interest in strawberries. He continued to collect new specimens at
the Trianon, the king’s garden in Paris, to experiment with cross-fertilization,
and to correspond with Linnaeus, whom he continually asked for new straw-
berries, especially those foreign to Sweden. Linnaeus’ letters express his con-
tinual eagerness to obtain rare plant specimens from the Trianon collection
and describe his pleasure when the plants arrived and grew successfully. Lin-
naeus’ friend Bjornstahl visited the Duchesnes in the summer of 1769. Lin-
naeus wrote to Bjornstahl: “Give my regards to dear Duchesne, the amiable
boy, who procured me the Calceolaria (from Chile), and which now stands
in bloom and cries each hour, ‘Duchesne.” Never has any plant pleased me
more, never have I more carefully tended a plant in my window.”’22 Duchesne
in turn had requested that Linnaeus send specimens of the common wood and
the green strawberry.

In the autumn of 1765 Linnaeus did send some F. pratensis (the green
strawberry) plants, which arrived in wilted condition and soon died. Appar-
ently such a fate was common in the long uncertain shipments with their
poor connections, for the letters frequently discuss the problem. Duchesne
made repeated requests to Linnaeus for new material, including suggestions
and directions for packaging methods which would insure freshness and
specific instructions for addressing the plants for the fastest possible delivery
to Versailles. “He even called upon the postal minister in order to achieve
faster postal service, a subject which interested the French sovereign as much
as strawberries.”’24

Eventually on April 13, 1767, Duchesne could write that he had just
visited the Trianon and seen three plants of the green strawberry from Lin-
naeus which M. Richard had saved. Their buds were ready to flower and
Duchesne said he “devoured them with his eyes.” In October he wrote that
they had flowered once and now were flowering again, having produced a
total of three berries. Their runners had “multiplied infinitely.” This Fragaria
differed from all other specimens in his collection. Finally, Linnaeus sent him
the common wood strawberry and Duchesne’s thank-you note, the last of his
extant letters to Linnaeus, dated July 24, 1772, tells of his delight in the new
strawberry plants which embellished his garden.?* Duchesne received these
two specimens after publication of his L’Histoire Naturelle. He described
them in the “Essai sur L’Histoire Naturelle des Fraisiers” included in
Lamarck’s Encyclopédie Méthodique Botanique.

The senior Duchesne considered his son’s varied studies as the necessary
elements of a good liberal education. Now he wanted him to prepare for a

23 Hylander, op. cit.
24 Ibid.
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worthy career and insisted that he study law. So when Linnaeus’ friend,
Bjornstahl, visited the Duchesnes in 1769, he found Antoine Nicolas a law
student who “is already Baccalaureas and will be Licentiat within a month,
after which his law studies will be finished, for botany is his avocation, while
law is only for future advantage, since anyone who wishes to receive an impor-
tant occupation has to have studied the laws.”?3 Like the young Frézier, the
navigator and engineer who brought back the first F. chiloensis, Duchesne
too had parental pressure towards law. Like Frézier he resisted, and after
graduation turned back with relief to natural history.

His interests spread beyond strawberries to research in the cultivation of
other plants. For years he had been adding to a calendar in which he recorded
the seasons of growth and the appropriate time of cultivation for each plant.
Requests from gardeners for copies of it persuaded him to publish in 1770
Le Jardinier prévoyant (The Foresighted Gardener). It sold for six sous and
was a widely used almanac in the eleven successive years of its publication.
Intensive research on gourds and experiments in their cross-fertilization fol-
lowed, then a catalogue called Etrennes botaniques (Botanical Handbook),
giving the common names, descriptions, and uses of four thousand plants
which had been grown at the Trianon, arranged according to Bernard de
Jussieu’s natural method of classification. In 1771 came a list of seeds sold
by M. Andrieux-Vilmorin, founder of the great Parisian seed house of today.
Years later, Eliza de Vilmorin would write extensive descriptions of straw-
berry varieties of the mid-1800’s for an illustrated article in Decaisne’s Le
Jardin Fruitier du Museum.

A wonderful opportunity came to Duchesne in 1776—~he was invited to
visit the famous botanic gardens of England with Abbé Nollin. The voyage
produced the essay “Sur la formation des jardins,” the source of Delille’s
verses on gardening.

Duchesne’s father continued to direct his son’s life and Antoine’s choice
of wife was made to comply with his father’s wishes. As the father of five
children he became interested in education. He could not forget the thorough
tutoring his father had given him and he wanted the same experience for his
own children. He and a friend wrote a Portefeuille des Enfants in 1784 made
up of pictures, articles, stories, and instructive games intended to familiarize
children with the arts and sciences.

Eventually Duchesne inherited the family post as superintendent of the
king’s buildings (Fig. 5-14). The French Revolution in 1789 put him out of
work. Moreover, the list of suspects doomed for the guillotine included the
name Antoine Nicolas Duchesne. At first he had sympathized with the aims
of the revolutionaries. Then the anarchy of June 20, 1792, made him conscious

25 Ibid.
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of the horror and fanaticism which led to the beheading of the king the fol-
lowing January. Duchesne realized that he had been supporting the forces
which killed the man whom he and his father had walked to Reims to see
crowned king years before. Although a devout Catholic, Duchesne refused to
support the clergy who swore allegiance to the Civil Constitution. Only the
reputation of his scientific achievements saved him from beheading.

When quieter days arrived, Duchesne became a teacher. Soon after the
revolution the Ecoles Normales were founded with the most revered scholars
in France appointed to the chairs of learning. Duchesne was admitted to the
bench of specially selected teachers. Later he taught at the Ecole Centrale at
Versailles where he helped develop a “natural” method of teaching based
on the study of the psychology of learning in children and, following methods
used by Duchesne and his father on their children, it introduced a broad
range of subjects to students at an early age. At Versailles and later at the
Military Academy of Saint-Cyr he taught all branches of natural history—
minerology, geology, zoology, comparative anatomy, botany, and plant physi-
ology—and emphasized new findings on physical and chemical operations in
organisms.

His writings ranged over studies of rural economy and agriculture and
included descriptions of local geology, dissertations on the metric barometer
with explanations of the new decimal calculus and measurement systems, a
guidebook to Versailles, and an article on the cultivation and preparation
of dry land rice.

The death of his wife and of his oldest and youngest daughters in rapid
succession affected Duchesne’s health severely. He retired from his position as
Supervisor at the Lycée de Versailles and returned to Paris where he concen-
trated on the education of his remaining three children and on new research
in natural history. At this time he was almost destitute. He had never been
a good businessman, always too willing to sacrifice his own interests in trans-
actions and to lend money and the results of his research to his friends for
their work. His disinterest in money bordered on neglect. The Revolution had
destroyed the inherited post of superintendent of the king’s buildings. Forced
to borrow money, he repaid his loans by selling his Versailles property at a
loss.

His research was his life, and with increased frugality he continued to
study. There were memoirs to submit on a European nomenclature for
natural history with suitable names for economic plants. He wrote on the
direction of plant growth, especially on the tendency of plants to turn toward
light. He pursued his early studies on sterility in plants and their causes. He
had organized his strawberry history around the characters which linked the
different kinds. Now he expanded this to studies of all organic life. Mean-
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while he continued to help with the work of the Society of Agriculture of
Versailles, of which he had been secretary for many years. Before the Society
he read his articles on the cultivation and use of different species and varieties
of potatoes, on decay in grain, on the industry of man and the instinct of
animals, and a plan for a farmer’s calendar.

With old age came successive illnesses, making him an invalid. Unable to
rest idle, Duchesne tried to spend his mornings editing his cartons of exten-
sive notes and manuscripts, but weakness hampered him. A series of strokes
paralyzed him and affected his memory and his speech. He died in February
of 1827, almost eighty years old. In a biography Baron A. F. Silvestre, the
secretary of the Royal Central Society of Agriculture, said of him: “In dying
he could applaud himself for having spent well his long career, and for
leaving behind him useful literary productions which will perpetuate for
a long time yet the memory of the services he desired to render to the friends
of the natural sciences and to his country.”26

Fic. 5-14. Duchesne intended to use his father’s official em-

blem together with his own drawings of strawberries in the

1766 publication of L’Histoire Naturelle des Fraisiers, but

he lacked the money to print them. The inscription on the

emblem read “from the Office of Antoine Duchesne Superin-

tendent of the King’s Buildings,” a post Duchesne inherited
but which the Revolution abolished.

26 Silvestre, A. F., Notice Biographique sur M. Ant. Nicolas Duchesne. Paris, 1827, p. 26.



6
Early Breeding in Europe

PREVIOUS CHAPTERs have indicated that the modern strawberry’s development
first occurred in France. It was the French who introduced F. chiloensis to
Europe and by pollinating it with F. virginiana produced the first varieties
of F. ananassa. Antoine Nicolas Duchesne was one of the earliest and most
noted authorities on strawberry classification and history, and he must be
credited as the first to identify F. chiloensis x F. virginiana as the origin of the
modern strawberry. It was the English, however, who first produced the mag-
nificent varieties of F. ananassa which started strawberry breeding in Europe
and America. This English breeding work, in itself, is behind hundreds of
varieties we enjoy today. After the French had seen the success of the English
breeders they too began to develop their own varieties, but for half a century
the “Fraises anglaises” such as Keens Seedling, the Downton, and the Elton
dominated the markets of Europe and also provided a foundation for a vigor-
ous strawberry industry in England.

The Strawberry in England

In the late 1700’s and early 1800’s, varieties of F. virginiana—the Scarlet
strawberry—were the popular English garden strawberries. Attempts by Eng-
lish gardeners to raise new varieties from seed increased the number of varie-
ties of F. virginiana from three to nearly thirty. James Barnet, undergardener
for the Royal Horticultural Society, knew twenty-six varieties of the Scarlet in
1824. In quality most were markedly superior to the general type of Scarlets
—but none surpassed some of the wild virginiana in flavor. In size the berries
showed but little improvement over the best wild ones. Growers who found
that raising new plants from seed sometimes produced variations superior to
the parent type, conducted experiments with seeds directly imported from
Canada and North America, instead of working with American varieties im-
ported earlier. As E. A. Bunyard observed, though slight differences resulted,
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the variation of F. virginiana was “not more than might have been in the wild
state.”’

What were these varieties? In 1766, Duchesne noted a kind of Scarlet from
Strasbourg which had somewhat elongated berries; and sometime before 1826,
Mr. Gibbs, a nurseryman of Old Brompton in England, raised a similar variety
called the Oblong Scarlet. William Atkinson introduced the Grove End
Scarlet, which he originated in 1820 at Grove End, Marylebone. Other well-
known Scarlets were the Duke of Kent’s Scarlet, Knight’s Large Scarlet,
Wilmot’s Late Scarlet, Common Scarlet, and the Austrian Scarlet. The
Scarlet was preferred in jam making because of its acid flavor, retention of
shape, fine aroma, and bright red color. It was also the earliest strawberry
to fruit naturally, without forcing.

A few varieties of pure F. chiloensis also existed in England at this time.
In 1824 Barnet knew of two, possibly three, kinds, such as the Yellow Chile,
which differed, mainly in the color of its fruit, from the original Chilean intro-
duced a century earlier. F. chiloensis was unpopular in England because
under most conditions it did not blossom and the fruit it did bear was poor-
colored, and poor-textured, and often had a mawkish flavor. William Cobbett
wrote of it: “As to the Chili it is very little superior in flavor to the potato.”?

Furthermore, the Chilean was not at all hardy and was difficult to grow
inland (the reason for its failure in France except at Brest on the seacoast).
Philip Miller commented on its delicate constitution back in the 1750’s, com-
plaining that protection against winter frost was a precaution “absolutely
necessary to the Chile strawberry, which is frequently killed in hard winters,
where they are exposed without any covering.” He recommended covering the
beds with tanners bark, sawdust, sea coal ashes, decayed leaves, or evergreen
boughs to preserve them.? This lack of hardiness, bred into cultivated varie-
ties, has been a major failing throughout the history of the modern strawberry.

The success of English horticulturists in producing variations of F. vir-
giniana encouraged them in their efforts in breeding. They discovered that
outstanding progress could be made when the neglected F. chiloensis was
used as one parent, for these new hybrids of F. virginiana x F. chiloensis
inherited characters of hardiness, sharp flavor, and high color from the Scarlet
and of large fruit size from the Chile.

Behind the early, famous English hybrids lies the work of two men. The
value of their contribution is seldom fully recognized, yet it is of greatest
importance, for in one case a variety was produced which enters into prac-
tically all those of today, and, in the other case, breeding techniques were
developed which are basic to much of the progress we now accept so casually.
The first of these two men was Thomas Andrew Knight (Fig. 6-I). Although

1 Bunyard, E. A, “The History and Development of the Strawberry,” Journal of the Royal
Horticultural Society, Vol. 39, 1914, p. 545.

2 Fletcher, S. W., The Strawberry in North America. New York, 1917, p. 116.

8 Miller, Philip, The Gardener’s Dictionary, Sixth Edition. London, 1771, n.p.



Fic. 6-1. Thomas Andrew Knight, the first man to practice large-scale,
systematic strawberry breeding, which produced two famous varieties:
the Downton and the Elton. As a founder and long-time president of
England’s Royal Horticultural Society, he encouraged others to breed
better varieties of fruits and vegetables.

he became renowned as president of the Royal Horticultural Society from
1811 to 1838, his notable contributions to strawberry breeding have been
little appreciated. Knight has been described as “the foremost pioneer in
this breeding work,”# and as “a practical breeder of new hybrids in all the
important vegetables and fruits must have done more to raise the standards
of excellence of these crops than any other contributor in this country before
or since.”’?

Knight’s father was a Herefordshire clergyman who died when his son
was five years old. The boy’s education was neglected, and until he was nine
he remained almost illiterate. Since he was unable to read as a child, he con-

¢ Pearl, R. T., The History of the Cultivated Strawberry. Wye, England, 1928, p. 6.
5 Bagenal, N. B,, “Thomas Andrew Knight,” Journal of the Royal Horticultural Society,
Vol. LXIII London, 1938, p. 824.
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centrated his curiosity on the plant and animal life on the family estate. One
day, says a story, he saw a gardener planting beans. The boy asked why the
man was planting sticks of wood and was told they would grow up to be beans.
The gardener’s prediction came true. Knight immediately planted his pocket
knife and waited in anticipation for the miraculous growth of new knives.
When the experiment failed he sat down to consider the difference in the
two cases. Already he was engrossed with the mysteries of the vital processes
in plants, a preoccupation which would lead later to his reputation as a bril-
liant plant physiologist.

Eventually he did catch up with his education and with his phenomenal
memory he was able to graduate from Baliol College, Oxford, with a mini-
mum of application. He then withdrew to country life, to his little farm and
greenhouse at Elton, where he would have remained a modest experimenter
and breeder had not Sir Joseph Banks summoned him out of hiding. Knight
first met Banks, who was then president of the Royal Society, in 1795. In
April of that year Knight read his first paper before the Society on “The
Grafting of Fruit Trees.” Banks was interested in his ideas and began
writing to him in July of 1796. Their correspondence lasted twenty years.
Knight was painfully shy and reserved, but before the interest of such a great
man he forgot himself and paid close attention to Banks’s suggestions and
advice. For some years Knight refused to read the papers of other scientists
on vegetable physiology, afraid of becoming prejudiced by them in his search
for truth. Consequently, he had little idea that any of his experiments and
conclusions were unknown to other men. Banks finally persuaded him to read
reports of other research and to publish his own ideas. He invited Knight to
his house, and thus gave him the opportunity to compare his observations and
theories with those of some of the world’s famous naturalists. In these early
years Knight was already a general farmer, stock breeder, and fruit and vege-
table grower. Practicality, which was always the aim of his research, gave him
an interest in improving plants by crossing them, a very new idea in 1798.
From this interest came his calling as a practical agriculturist and he was in-
cluded among the founders of the Royal Horticultural Society in 1804. When
a committee asked him to help define the objects of the Society, he said the
chief need was for “scientific inquiry into the breeding, cultivation, and forc-
ing of fruit . . . in which the practice of the modern gardener is conceived to
be most defective!”®

Along this line he made the first scientific attempt at strawberry breeding
on a large scale. Observing that all available varieties and species of large-
fruited strawberries (with the exception of the musky one, F. moschata) would
breed together, he considered them all to be varieties of the same species.

6 Simmonds, A., “The History of the Royal Horticultural Society, 1804-1954,” Journal of
the Royal Horticultural Society, Vol. 79, London, p. 463.
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From experimental crosses he raised over four hundred seedlings in 1817 in an
attempt to disprove the common opinion that all European gardens were
indebted to America for “three distinct species of esculent strawberry: the
Grandiflora or Pine; the Chiloensis or Chile; and the Virginiana or common
Scarlet.”” From the 400 seedlings he made a number of selections. He sent
runners of the most promising kinds to the Royal Horticultural Society’s
garden in London. Each selection was numbered and had an accompanying
description and account of its parentage. “I possess at present only a single
bearing plant of each of the above mentioned varieties,” he wrote, “but should
the fruit of any be found valuable, I shall be prepared to send a very large
number of plants of all . . . and such will be much in the service of every
Member of the H. S., who may wish to obtain them.”#

One outstanding seedling became the Downton strawberry (Plate 6-1),
whose mother was raised from seed directly imported from America. Its geo-
graphical source in America was unknown, but it was classed as a Virginian.
The father was the Old Black, a strawberry of unknown origin. This uncer-
tainty about the source of the Downton’s parents prevented Knight from
claiming it to be a definite example of F. virginiana x F. chiloensis. The Down-
ton itself had large oblong fruits with many resemblances to the Chilean.

The second of Knight's varieties to win attention was the Elton (Plate 6-2),
which in 1828 became the Downton’s rival. Knight had overlooked it in his
plantings and it remained unnoticed until someone ‘“discovered” it in the
Royal Horticultural Society’s garden where it was prominent for its late
blooming, its beautiful fruit, its health and its hardiness. It established itself
as a good late variety, but its actual parentage was unknown.

Knight’s success in improving the quality of fruits and vegetables encour-
aged other gardeners to experiment on their own and they found Knight
ready both to applaud their successes and to abet their attempts. At the end
of each meeting of the Horticultural Society the members voted on the most
deserving paper read at the session, which was then printed, to be preserved
along with the record of the Society’s transactions. By 1810, forty-one papers
had been printed, fifteen of which belonged to the most prolific contributor—
Thomas Andrew Knight. The first president of the Society died in 1810 and
in 1811 Knight was elected to fill his place, a position to which he was annually
re-elected until his death 27 years later.

In 1806 Knight’s older brother left him Downton Castle, the 10,000-acre
family estate in Herefordshire. Here Knight spent the remainder of his life,
journeying to London every spring for the meetings of the Society, but devot-
ing most of his time to running the estate and its orchards and giving many
hours of thought to planning his experiments.

7 Bagenal, op. cit., p. 207.
8 Ibid., p. 210.
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His contributions to practical agriculture show a wide range of interests
and help to explain his influence in leading other gardeners and livestock
breeders to imitate his efforts. Some of the observations he made are now a
standard part of plant physiology, for he made studies on the ascent and
descent of sap in plants, the nature of the cambium, geotropism of roots and
stems, and phototropism in tendrils. In practical horticulture “the originality
and range of his investigations are practically staggering.”?

In recognition of Knight’s reputation and his broad knowledge, Sir
Humphrey Davy, when asked to deliver a course of lectures on ‘“The Chem-
istry of Agriculture” before the English Board of Agriculture in 1803, he went
first, on Sir Joseph Banks’s recommendation, to consult Knight on some of
the points in his presentation. In 1806 Knight won the Copley medal for his
papers on vegetable physiology. A close friendship developed between Knight
and Davy, and in writing to him about plant physiology in 1810, Davy said:
“In considering the physiology of the subject, I shall have little to do but to
record your labours, for you have created almost all the science we possess
upon that interesting subject.”10

In 1814, Knight was awarded a gold medal by the Royal Horticultural
Society for his papers as well as his gifts of grafts and buds of valuable new
fruits. In 1835 a Knightian medal was struck in gold and awarded him “for
signal services he has rendered to horticulture by his physiological re-
searches.”!! Knight accepted on condition he could give a sum equal to the
cost of the medal to help liquidate the Society’s debts.

As the years passed, Knight spent more of his time at Downton and short-
ened his visits to London. The death of his only son in a shooting accident in
1827 only made him work harder. He corresponded with horticultural socie-
ties and plant breeders all over Europe and America and received medals from
many parts of the world. Despite his retirement to Downton, he never stopped
contributing to the Society. He died in his coach on the way to the General
Meeting of the Horticultural Society, May 11, 1838. As one historian said,
“It would be difficult to find any other contemporary author, in this or other
countries, who has made such important additions to the knowledge of horti-
culture and the economy of vegetation.”12

Knight wanted the chief emphasis of the Royal Horticultural Society put
on the breeding, cultivation and the forcing of fruits. He used his influence,
first as a founding member, then as president of the Society, to insist on the

9 Ibid., p. 224.

10 Knight, Thomas Andrew, Selection from the Physiological and Horticultural Papers,
Published in the Transactions of the Royal and Horticultural Societies by the Late Thomas
Andrew Knight, Esq. London, 1841, p. 22.

11 Ibid., p. 32.

12 Simmonds, op. cit., p. 464.
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awarding of medals, one of the earliest means adopted by the Society to pro-
mote horticulture. Papers and pertinent correspondence were published along
with paintings of exceptional new varieties of fruits and vegetables, and silver
cups went to their breeders.

The stimulus of the Royal Horticultural Society had its effect on straw-
berries. Michael Keens, a market gardener of Isleworth near London, raised
the first large-fruited market variety of strawberry in 1806, eleven years
before Knight began his crossing work, and he found the Society both inter-
ested and appreciative of his efforts. Keens became second only to Knight in
his importance to the English development of the strawberry.

Having frequently, in the course of many years’ practice, observed the
deterioration of several kinds of fruit, when propagated in the usual
ways of slips, buds, cuttings, scions, or division of the parent root, I have
for a considerable time employed myself in raising new varieties from
seed, which has been not only a source of great amusement to me, but
also very profitable in my profession,

Keens wrote to the Society from Isleworth on January 10, 1814. He then
described how he had sown the seed of the White Chili strawberry along
with a great many others in 1806 and had discovered that one of the Chili
seedlings was very different from, and far superior to, its companions. This
was the Keens Imperial (Plate 6-3).

In his letter to the Society, Keens described his berry as a very fine deep
crimson in color and round in shape. The seeds projected above the surface
of the fruit thus protecting it from bruises and suiting it for transport to the
markets. Its growth was free and vigorous and its stalk was exceptionally
erect and strong, better able to support the fruit than any other strawberry,
“which alone would give it a decided superiority over others in wet weather,”
Keens pointed out.13 Although it lacked a high flavor, the great beauty of its
fruit and its probable usefulness for the London market persuaded the
Society to publish a drawing of it.

In 1821 the Society had its artist paint another Keens variety, the Keens
Seedling (Plate 6—4), raised in 1819 from the seed of Keens Imperial. The
Society awarded Keens a silver cup and published a description of the berry
in “Notices of New or Remarkable Varieties of Fruits, ripened in the summer
and autumn of the year 1821,” a review of fruits which had been exhibited
at recent meetings. Thus Knight’s proposed honors went to the breeder of a
strawberry which is an ancestor of most of today’s leading varieties.

The berries of Keens Seedling were large for the 1820’s—up to two inches
in diameter, one and a half inches in length and somewhat coxcomb in shape.
The fruit was a very deep rich red in color and white at the center, though the

18 Keens, Michael, Transactions of the Royal Horticultural Society, Vol. I1. London, p. 102.
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red color stained deep into the flesh. The flesh was tender, compact and very
juicy at the center with a flavor like that of the Pine strawberry. The seeds
were small, yellow and deeply imbedded and the calyx was large and partially
reflexed. The plants themselves were prolific and free growers and possessed
“the desirable habit of bearing their fruit high from the ground,” read the
description in the Transactions of the Royal Horticultural Society.** E. A.
Bunyard, a strawberry expert of the early twentieth century, said that “the
large size and excellent flavor of this fruit created a sensation which probably
no succeeding strawberry equalled.” In 1914 he noted that while other varie-
ties might have surpassed it in individual qualities, as a near-perfect berry
it had yet to be replaced.!’® Keens had raised the first modern strawberry but
the Keens Seedling was more of a happy chance than anything like the result
of the systematic breeding program used by Knight. Other growers, spurred
on by Keens’ success, would use Knight’s methods in their breeding.

Keens grew his strawberries in gardens extending over more than sixty
acres at Worton Lane in Isleworth, the chief of the market garden towns in
the region just north of the Thames, known as the “great fruit garden” of
the London markets. Michael Keens and John Wilmot, originator of Wil-
mot’s Superb Strawberry, were the chief two gardeners in early nineteenth
century Isleworth. Their strawberry plantings made the township famous
as a strawberry-growing center. Most of Keens’ gardens were devoted to the
Keens Seedling strawberry and the Keens gooseberry. Sir Joseph Banks, the
friend of Thomas Andrew Knight, also lived in Isleworth at his estate ““‘Spring
Grove,” named after an apple raised by Knight (Spring Grove Codlin) and
which Banks cultivated extensively. Banks also grew many strawberries and
reintroduced an old abandoned practice of spreading straw under the fruit to
keep it clean and to diminish the amount of evaporation from the soil, thereby
reducing the necessary amount of watering. Both Keens and Wilmot received
the Banksian medal from the Horticultural Society for the excellence of their
fruit. Keens himself owned most of his gardens “which very considerable
property he attained chiefly by industry and a judicious marriage, frankly
avowing that he began the world without a shilling of capital.”1¢ His son-in-
law inherited the land when Keens died in 1835 at the age of seventy-three.

Later Varieties of the 1800’s*

Many excellent varieties appeared after the success of Keens Seedling.
John Williams was one of the first to succeed in breeding new varieties of

14 “XXXI Notices of New or Remarkable Varieties of Fruits,” Transactions of the Royal
Horticultural Society, Vol. V. London, p. 261.

15 Bunyard, op. cit., p. 547.

16 Bate, G. E., 4 Middlesex Medley. England.

* This section was prepared by George M. Darrow.



Fic. 6-2. Thomas Laxton began the most extensive and con-
tinuous strawberry breeding program ever attempted in the late
nineteenth century in England and introduced such famous varie-
ties as the Noble, King of the Earlies, and Royal Sovereign, ances-
tors of many modern English and European varieties. He used
hardy American strawberries to strengthen European varieties.
In the 1890’s, when his sons took over his work, Laxton told of
raising at least 10,000 seedlings in his thirty-two years of breeding
work.

strawberries, which he named after his house, Pitmaston. His Pitmaston Black
Scarlet was grown even as late as 1914.

In 1840, Myatt of Deptford introduced British Queen, his most famous
strawberry, and one which Bunyard considered still among the best flavored
in 1914. The Eleanor (1847), Admiral Dundas (1854) and Filbert Pine were
other varieties raised by him. Admiral Dundas was an enormous pale orange-
colored berry with pink flesh and good flavor. Eleanor was late blooming,
bright red and acid and used for forcing for its very large fruits. Myatt’s
seedlings are supposed to have been raised from Knight's varieties. British
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Queen dominated the whole strawberry market for half a century. Possibly
if virus-free plants were available it would be widely grown yet for its unsur-
passed flavor, even though it is not hardy. Introduced into France in 1848, it
was widely grown there.

Between 1840 and 1850 the Bicton Pine was introduced by J. Barnes, a
gardener at Bicton in Devonshire. Although its yellowish-white, soft fruit
made it an amateur’s variety, its flavor was excellent, suggestive of the Pine.

In 1854, Jucunda was introduced, a variety originated by John Salter of
Hammersmith, England. It has been an important variety throughout Europe
and the United States; its importance greater on the continent than in Eng-
land. It was imported into the United States as early as 1858, and grown
under high culture and protected with winter mulching. It was very pro-
ductive and was raised there till the 1920’s. It was light crimson with firm,
red flesh of high flavor, late and capped the easiest of any variety, being
picked without caps. It is still grown slightly for processing in Holland, but
has been replaced largely by Senga Sengana. It has been crossed with others
in Holland to get easy capping varieties.

In the 1860’s two other famous English varieties were introduced: Sir
Joseph Paxton (1862) and Dr. Hogg (1866), originated by Samuel Bradley, a
gardener at Elton Manor near Nottingham. The first, Sir Joseph Paxton, was
a midseason variety of brilliant glossy red and firm fruit, which made it a
good market berry. It was a leading variety of England for seventy-five years,
and in France was considered one of their best commercial varieties as late as
1944. Dr. Hogg was a long, somewhat flattened orange-red berry with pure
white flesh, but although one of the largest of the late varieties, it was not as
successful as the Paxton.

About this period, Thomas Laxton (Fig. 6-2) began the most extensive
breeding of strawberries ever attempted in England. He began experiments in
breeding in 1865 and conducted experiments for Charles Darwin, mainly with
peas. He began introducing strawberry varieties from his work as early as
1872. His first great success and the only variety he introduced that was not a
hand-made cross was the Noble (1884), a seedling of Excelsior that had been
planted next to the American Sharpless. Until the last few years it was a
major early variety of many countries. It was notable for its earliness, its
resistance to cold and to disease. Even in 1960 many acres were grown in Italy
and in Scandinavia. King of the Earlies (Vicomtesse Hericart de Thury x
Black Prince) was introduced in 1888. In 1892, came Laxton’s other great
variety, Royal Sovereign, nearly equal to Keens Seedling in significance. It was
a cross of Noble x King of the Earlies. It had an American variety, Sharpless,
in its ancestry. The earliness, excellent flavor, beauty, productiveness, hardi-
ness and relatively good handling quality made it of great importance in
Great Britain and on the Continent. Its weaknesses are its great susceptibility
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to mildew and to virus diseases. After more than seventy years, it is still
raised in many parts of Europe. Thomas Laxton originated seventeen varie-
ties himself and after his sons took over the work in the 1890’s, they and the
grandsons introduced forty-seven more up to 1927. Scarlet Queen, Leader,
Fillbasket, the Laxton, Latest, Latest of All, Bedford Champion and Duke,
were some of the more notable of the other varieties. Better than other Euro-
pean breeders in the nineteenth century, Laxton understood the weakness of
European varieties—they were not hardy enough and needed to be hybridized
with the much hardier American varieties. In the 1890’s, he told of raising at
least 10,000 seedlings over the thirty-two years he had been breeding straw-
berries.

Breeding in France—1770 to 1900

Although the modern strawberry had its beginning in the great work of
Duchesne in the 1760’s and 1770’s, research and breeding did not continue at
the same high level in France. Except for the Chilean, grown quite exten-
sively near Brest on the coast, the Pineapple (ananassa) was the chief variety
and, for most of the time, almost the only variety grown in France from the
time of Duchesne, about 1770, until after the introduction from England of
Keens Seedling and other varieties in 1824 and the later introduction of the
Elton. There was no Thomas Knight to stimulate hybridizing as in England,
nor a Hovey as in America. Most of the breeding was just the raising of
seedlings by amateurs and gardeners, with little of the systematic breeding
of Thomas Laxton. We know now that most seedlings of perfect-flowered
varieties are selfed seedlings and far less vigorous than the parents, so that
just growing seedlings is discouraging work. Only accidental crossing by bees,
or growing seedlings of pistillate varieties that had to be crossed to bear
fruit, would give mostly vigorous strawberry plants. But even so, just by rais-

Fic. 6-3. Madame Elisa Vilmorin contributed
descriptions of strawberries she had grown to
Joseph Decaisne’s magnificent work, Les Jar-
dins Fruitiers du Museum. She also ran the
famous Vilmorin-Andrieux seed firm of Paris
single-handed after her husband’s death and
carried on Duchesne’s work of testing new F.
ananassa varieties.
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ing seedlings, the French amateurs produced some superior varieties that
were even grown in England.

In 1846, Gabriel Pelvilain, chief gardener of the royal palace at Meudon,
raised the Comte de Paris and the Princesse Royale, with its hard core, both
from seed of Keens Seedling and after their introduction the culture of the
Pineapple strawberry soon ceased. In the same year, J. L. Jamin, raised the
Vicomtesse Héricart de Thury, also from seed of the Keens Seedling, and it
was introduced in 1849. This variety had excellent flavor, glossy red, firm
berries, that made it the standard for flavor and preserving for one hundred
years. It is still widely known under the name Ricart, from (He)ricart, and
might still be a great variety if free from virus.

After 1849 the varieties grown were mostly of French origin until almost
the end of the nineteenth century, for in the next twenty years many fine
French varieties were introduced. F. Gloede introduced the Duc de Malakoff
(Chilean x British Queen) in 1854, a variety of very large size. M. Lebreton
selected Marguerite in 1859, from seedlings of Sir Harry x an unnamed
seedling, because of its great size. It was said to average over 1, oz. (15 to 20
gms.) with exceptional berries of more than 114 oz. (40 to 45 gms.). It had pink
to white flesh and was quite acid. Dr. Nicaise of Chalons sur Marne, raised
the Dr. Nicaise in 1863, another berry of largest size, up to 114 to 2 oz. Berger
obtained the Docteur Morére (Palmyre x Duc de Malakoff), in 1867 and it was
introduced in 1871 as an early forcing variety of high flavor with dark raised
seeds. Later it proved notable as one parent of Mme. Moutou.

Even though there was no systematic breeding in France in much of the
nineteenth century, it was the French who produced during this period two
great works on the strawberry. In 1864, Leonce de Lambertye, a man who used
his retirement years for the intensive study Duchesne had conducted in his
youth, published Le Fraisier, sa Botanique, son Histoire, sa Culture. The other
work of importance was that of Decaisne, ‘“Le Fraisier” in Le Jardin Fruitier
de Museum, which included paintings of species and varieties with accom-
panying descriptions by Mme. Vilmorin (Fig. 6-3, see Chap. 5).

Three more varieties by three separate breeders complete the more notable
ones up to 1900’s. Joseph Riffaud obtained the General Chanzy (J. Riffaud x
Madame Lebreton) in 1880. It was large, long ovoid, deep brilliant red, a
good-flavored early sort used for forcing. Later it was the seed parent of
Fukuba of Japan. Edouard Lefort originated the Edouard Lefort, a high
flavored forcing variety, in 1889 and Louis Gauthier, of Caen, his Louis
Gauthier, in 1889. The Louis Gauthier was a very productive, large white,
very solid, rose-tinted variety, which capped with difficulty. It often produced
a second crop in the fall, but on the runner plants.

At the end of the nineteenth century, Noble from England and Sharpless
from America were introduced and these two and Marguerite were the main
crop varieties. Docteur Morére, Marguerite and General Chanzy were the
early and forcing sorts.
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Genetic Research and
Chromosome Number

THE EARLY HISTORY of the strawberry in Europe and the New World, includ-
ing an account of its development in England and France up to 1900, appears
in the preceding section, along with a review of the literature accompanying
the strawberry’s development. The early development of strawberry varieties
in America and the men who bred them will be described in other chapters,
as will later breeding work. First, however, it seems best to discuss Fragaria
more fully, in order that breeding work of the past, present, and future can be
properly appreciated, both for its accomplishments and the material limita-
tions it must accept. To effect the basis for this appreciation it is necessary
to describe strawberry species, both as they are distinguished by their genetic
composition and by their gross morphological characteristics, for such descrip-
tion helps to clarify both the sources of characters and the possibilities dis-
played by the modern strawberry. Once this is done, the later discussion will
rest on a broader base of information and will be more useful.

Genetic Research

For a clear understanding of the possibilities and limitations of strawberry
breeding, the results of studies on strawberry genetics and cytology must be
presented. The material which follows contains the findings of various in-
vestigators in this field; of Millardet, who obtained maternal and paternal
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inheritance in certain crosses, the descendant seedlings strongly resembling
either the mother or father; of Solms-Laubach, who confirmed Millardet’s
findings; of Strasburger, who found normal union of egg and pollen in such
crosses, but with dominance of paternal characters; of Richardson, who
determined that the diploid vesca displays what we term simple Mendelian
inheritance, while the octoploid garden strawberry displays a complicated
inheritance; of Longley, who first obtained the chromosome numbers of sev-
eral strawberry species. In such fashion, through the work of single investiga-
tors, basic information for breeders was gradually built up. Later investiga-
tions of the genetics and cytology of the strawberry were carried out on a
considerably larger scale, especially by three centers of research: The Fried-
rich-Wilhelms University, beginning with Miss Elizabeth Schiemann around
1919 and continuing through her students, especially Dr. G. Staudt, until
now; the Bussey Institute of Harvard University from 1921 to 1941, with Dr.
East and his students, the Drs. Ichijima, Manglesdorf, and Yarnell; and the
University of Manchester from 1950 to 1959, with Dr. Harland and his stu-
dents, Margaret Smith and Drs. King, T. Smith, Ellis, Islam, and Jones. The
studies at these research centers did much to establish the relationships among
strawberry species. These studies also indicated the probable ancestors of
the modern strawberry, and whether useful new types might be produced
with different chromosome numbers, with different compositions of chromo-
somes from other species, or as hybrids with related plants such as Potentilla.
Other genetic research is described under the country and institution where
it was pursued, especially under North Carolina and the U. S. Department of
Agriculture at Cheyenne, Wyoming, for methods of breeding; the U. S.
Department of Agriculture, for production of productive vesca-flavored
decaploids; and Russia, for cytogenetic studies.

A. Millardet, Professor of Botany at Bordeaux, France, was really the
first modern strawberry geneticist. He began a study of hybrids of Fragaria in
1883 and continued this study eleven years. He published his paper Notes
on Hybrids Without Union or False Hybrids in 1894. From the cross vesca
alba x chiloensis he obtained one sterile plant similar to vesca and three
plants like chiloensis, the pollen parent. In all, he obtained four cases of
paternal plants where they resembled the chiloensis in all general characters.

In Germany, H. Solms-Laubach repeated Millardet’s work and in 1907
reported that he also obtained only paternal plants from wvirginiana x
moschata, all of which were sterile, as male plants of moschata character-
istically are.

Strasburger (1909) sectioned flowers of the wvirginiana x moschata at



Fic. 7-1. Albert E. Longley, born in Paradise, Nova
Scotia, Canada, March 12, 1883, graduated from Aca-
dia in 1920, and received his Ph.D. from Harvard in
1923. He became a cytologist and botanist with the
U.S. Department of Agriculture, at Washington, in
1923 and held that position until his retirement. He
first worked on the cytology of strawberries and rubus
and then became a specialist on the morphology of
corn chromosomes and spent most of his years of
service at the California Institute of Technology at
Pasadena, Calif. Since his retirement he has lived at

Columbia, Missouri.

twelve-hour intervals after pollination to determine if actual fertilization
of the egg by the pollen took place. In the flowers he studied, he found union
of egg and pollen typical of sexual reproduction, indicating that the so-called
“paternals” were true hybrids, with the characters of the pollen parent
remarkably dominant in the seedlings where moschata was a parent.

C. W. Richardson (1914, 1918, 1921, 1923) made a wise choice in the kind
of strawberries he selected for his research. In studies of inheritance, he used
the everbearing wood strawberry, F. vesca semperflorens, a diploid in which
inheritance is clearest and simplest, involving runnered and runnerless, 3-
leaflet and 1-leaflet, white and red-fruited forms. He found that the first gen-

Fic. 7-2. E.M. East, born Duquorn, Illinois, October
4, 1879, graduated University of Illinois in 1900. He
first became assistant chemist (1900-1903), then as-
sistant plant breeder in the Illinois Experiment Sta-
tion (1903-1905). He obtained his Ph.D. in 1907.
He was agronomist at the Connecticut Station for
four years (1905-1909), then in 1909 went to Harvard
University as assistant professor of genetics and con-
tinued in this position until his death (November 9,
1938). Besides numerous articles, he wrote three
books—the first, with D.F. Jones, Inbreeding and Out-
breeding in 1919, was his most important to plant
breeders. Dr. East’s research was of great practical
value, for his studies of inbreeding, hybrid vigor, se-
lection, and self-sterility were basic. He was especially
interested in proving that quantitative inheritance
was also true Mendelian inheritance. He was known
as “a careful worker, keen thinker, a scholarly writer
and able lecturer,” “a wise counselor and friend,” and
a great teacher.

Photo by André Snow
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eration of the cross “runnered x runnerless” plants always produced run-
nered plants, but when selfed these hybrid plants produced both runnered
and runnerless seedlings in good Mendelian fashion. Likewise, 3-leaflet x 1-
leaflet gave all normal 3-leaflet seedlings in the F;, but 177 of 3-leaflet to 73 1-
leaflet in the F,; white-flowered x pink-flowered gave all pink-flowered in
the F,, but 77 pink to 10 white in the F,; double-flowered x single-flowered
gave 97 single to 37 double in the F,; and white-fruited x red-fruited gave
all red-fruited in the F; and 70 red to 20 white in the F,. Thus, inheritance
in the diploid strawberry was shown to be like that in other plants.

In contrast, when two large-fruited everbearers (octoploids) were selfed,
more than a 8 to 1 ratio of everbearers (177 to 33) was obtained, while non-
everbearing x everbearing gave 24 everbearing to 53 non-everbearing. All
non-everbearing seedlings of this cross when selfed gave at least some ever-
bearers. In crosses of female x perfect-flowered, Richardson obtained 183
female to 155 male, or perfect-flowered, about a 9 to 7 ratio. He obtained
one cross with all large fruit, some reaching 32 cubic centimeters in volume.
Royal Sovereign selfed gave 12 seedlings with flavor equal to their parent,
three with somewhat better flavor, and 96 with no flavor or with a bad flavor.
At the end of his research, he decided that it was not possible to judge the
flavor of selfed seedlings because their fruit was too small.

When strawberry breeding began with the U. S. Department of Agricul-
ture, at Glenn Dale, Md., the need for information about the chromosome
numbers of the species and varieties was soon evident. In answer to this need,
A. E. Longley (Fig. 7-1) began his studies about 1923. In Chromosomes and
Their Significance in Strawberry Classification (1926) Longley first reported
the chromosome number of vesca, moschata, chiloensis, virginiana, and of
many varieties and hybrids. He considered vesca to represent the primitive
form from which the others evolved, and held that dioeciousness (male and
female flowers on separate plants) in the strawberry was associated with poly-
ploidy. He also confirmed Millardet’s results in obtaining maternal and
paternal forms in crosses. Fig. 7-3c, left, shows the 28 chromosomes of pollen
mother cells of the variety V. Hericart de Thury and the seven chromosomes
of pollen mother cells on the right of two diploid seedling varieties of vesca.

Genetic Studies at the Bussey Institute, Harvard University

The report in 1894 by Millardet that some species-crosses of strawberries
gave either maternal or paternal seedlings led E. M. East (Fig. 7-2) and his
students at the Bussey Institute, Harvard University, to undertake a study
of the genetics of Fragaria. Genetic investigations began in 1921 and con-



A
v. L‘. Py Fi6. 7-3a. Photomicrograph of the chromosomes from
' a single cell from the root tip of a double hybrid
strawberry cross which produced an octoploid plant
with 56 chromosomes. Slide prepared by Mr. Henry
Holden at the New England Institute for Medical
Research.

Fic. 7-8b. Photomicrograph of a pollen mother cell
from F. vesca, a diploid plant with 14 chromosomes.
This is a “squash’ preparation of the second meiotic
division metaphase (side view on left, polar view on
right) showing the reduced number of chromosomes;
t.e., 7 in each group. Slide prepared by Mr. Henry
Holden at the New England Institute for Medical Re-
search.

Fic. 7-3c. To left, the 28 chromosomes of the pollen of the variety V. Hericart de
Thury; center and right, chromosomes of pollen of two varieties of the European
vesca.

89



90 The Strawberry

tinued through 1941. In 1930 East published The Origin of the Plants of Ma-
ternal Type which discussed maternal-type plants that occurred in inter-
specific hybridizations. East also described a diploid plant resulting from the
cross F. vesca (2n = 14) x F. virginiana (2n = 56). The maternal parent F. vesca
had white fruit, while the seedling resembled vesca but had red fruit. East
then grew selfed seedlings of the red-fruited F; and reported the results in
1934 in the paper 4 Novel Type of Hybridity in Fragaria. Of the 18 greatly
variable selfed seedlings raised, three did not flower, seven had vesca-like
fruits, one of the seven having seeds in sets like virginiana, and the eight
others were entirely sterile. Sixteen were diploid (2n = 14) and two were
triploid (2n = 21). East concluded that one set of chromosomes of F. virgiani-
ana is so like those of vesca that pairing of chromosomes occurs and plant
development follows.

In 1924 K. Ichijima began a study of the chromosome number of the
species and hybrids then at Bussey. In Cytological and Genetic Studies of
Fragaria (1926) he confirmed Longley’s chromosome counts, and to the spe-
cies with known chromosome constitution, he added the diploid viridis of
Europe and the octoploid ovalis of the United States. He also examined eleven
cultivated varieties; all were octoploid. In one cross of two diploid forms of
vesca (bracteata x rosea) a tetraploid was obtained with larger, thicker, and
more crenate leaves than the parents. It was vigorous and fertile. Doubling
of chromosomes was noted in seven pollen grains.

In Studies on the Genetics of Fragaria, Ichijima (1930) reported that
crosses of nilgerrensis with other diploid species were dwarfs except for three
doubtful hybrids. Crosses of the musk strawberry, moschata (2n = 42) x dip-
loids gave seedlings with the moschata chromosome number. One cross of
a diploid x octoploid had the chromosome number of the pollen parent but
was like the diploid in appearance. Three different forms, vesca rosea, vesca
alba, and nilgerrensis had doubled chromosome number in pollen. Moschata
had two kinds of chromosomes; two sets with dumbbell shape and one set
with spherical shape. Virginiana, glauca, chiloensis, and Chesapeake also
had genomes with the two shapes of chromosomes.

A.J. Mandelsdorf and E.M.East (Studies on the Genetics of Fragaria,
1927) made numerous crosses between diploids and concluded that they were
entirely interfertile; however, the diploids under study were merely varieties
of vesca. In crosses of pink-flowered x white-flowered, pink was dominant. In
the F, they obtained 128 pink to 46 white, close to a 3 to 1 ratio. No crosses
were obtained when moschata (2n = 42) was pollinated by a diploid species,
but when the cross was a diploid x moschata seed was set. It gave poor
germination (0.7 percent) and the few seedlings obtained died within two
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weeks. When octoploids were used as females, with diploids as males, none
set, but the reciprocal was obtained without difficulty. Germination was poor;
maternals were obtained; dwarfs did not flower; and all true hybrids were
sterile. When the octoploid was crossed with the hexaploid moschata, a good
set and a germination of 90 percent was obtained with vigorous, completely
sterile plants and dominance of moschata characters. Maternal seedlings,
both staminate and pistillate, were also obtained. Mangelsdorf and East,
however, were not certain that pseudogamy was the cause.

In Notes on the Somatic Chromosomes of the Seven-Chromosome Group
of Fragaria (1929), S.H. Yarnell found that the chromosomes he studied were
all very similar in appearance. The only constant difference common to them
was that of length; their lengths in microns averaging: 1.7, 1.5, 1.4, 1.3, 1.2,
1.0, and 0.9 for the seven. Usually it was impossible to distinguish differences
except between the two shorter and the two longer ones.

Yarnell, in Genetic and Cytological Studies on Fragaria (1931), separated
the diploids into four groups: (1) vesca and its varieties, bracteata, californica,
americana, rosea, and mexicana; (2) viridis (= collina); (3) nilgerrensis, and
(4) a vesca type from China. Viridis gave seedlings that were vigorous in
crosses with the other diploids, but were only partially fertile. Nilgerrensis
gave only dwarf hybrids in all crosses except those with wviridis, and even
these hybrids gave no flowers. No true hybrids were obtained in crosses
of moschata with diploid species, but some maternals were obtained. The
octoploids virginiana and chiloensis set no fruit when used as female parents
with vesca, but, used as pollen parents on vesca, they gave both maternal and
partially fertile plants. Chiloensis X vesca var. bracteata gave three sterile
seedlings. Virginiana and chiloensis both gave vigorous sterile hybrids with
moschata pollen, but no set was obtained when they were used as pollen
parents. All types of crosses gave at least some completely fertile plants which
were like the mother. Increased pairing of chromosomes occurred with in-
creased temperature.

Yarnell (1930) also reported on studies of the tetraploid obtained from
crossing two diploids, bracteata x rosea. The tetraploid was selfed and pro-
duced tetraploids. These were crossed with the diploids vesca, viridis (= col-
lina), bracteata, and another diploid. All seedlings were triploids.

Genetic Studies at Friedrich-Wilhelm University*

In 1919 Prof. E. Bauer proposed that Dr. Elizabeth Schiemann (Fig. 7—4)
ask for the strawberry collection of Prof. Solms-Laubach of Strasburg, Alsace,

* By Dr. G. Staudt.



Fic. 7-4. Elisabeth Schiemann was among the first girl-students officially admitted to
study natural science at the Friedrich-Wilhelms-Universitat at Berlin during 1908
1912. During her studies she was greatly influenced by Erwin Bauer, one of the
ablest of early geneticists in Germany, and through whom E. Schiemann became
acquainted with the problems and great value of genetics for plant breeding. In 1912
she was graduated as a Ph.D. with the thesis “Uber Mutationen bei Aspergillus
niger.”

As an assistant of Prof. Bauer, E. Schiemann was in charge of the experimental
work in barley. In 1925 she was granted the “venia legendi” with a paper entitled
“Zur Genetik des Sommer-Winter—Typus bei Gerste”; in 1931 she became a full
professor. In 1943 she was made head of the division for “development and history of
cultivated plants” of the Kaiser Wilhelm-Institut fiir Kulturpflanzen-forschung, and
after the war continued her studies of strawberries.

Besides her research work on strawberries, E. Schiemann added much to our knowl-
edge of the genetics, history, and development of the cultivated plants. In 1932 her
book, entitled Entstehung der Kulturpflanzen, was published. This book has been
an approved standard work for research about the history and development of the
cultivated plants; a supplement was published in 1943.

so that she could study further Millardet’s ““false hybrids.” In 1930 and 1931
Dr. Schiemann demonstrated that Mangelsdorf and East’s explanation for
Millardet’s patroclinous hybrids (by dominance of the higher polyploid par-
ent) could not be generalized, because hybrids of F. x ananassa (8x) x hagen-
bachiana (2x) (the frequently found hybrid of vesca x viridis) gave some

92



Genetic Research and Chromosome Number 93

“diploid” types too, although all with 2n = 35 chromosomes. Another pos-
sible explanation for some of Millardet’s “false hybrids” was given by Dr.
Schiemann after she was able to show that the tetraploid hybrids of moschata
(6x) x viridis (2x) could not be distinguished from moschata. These tetraploid
hybrids gave fully fertile and more or less constant offspring.

From experiments published in 1931, Dr. Schiemann concluded that
females and males (including hermaphrodites) were the two main groups of
sex differentiation in Fragaria and, according to Kuhn (1930), suggested that
the difference betwen maleness and hermaphroditism was organized by a
different allel of the sex factor. Besides the sex factors, she proposed a number
of factors for sterility concerning female and male organs as well. Sex changes
in plants were often observed. Mutant changes in sex also were found by her.
The development of sex organs of the strains used and the different progenies
of Schiemann’s experiments were investigated cytologically by Rudloff (1930).

From 1933 on Dr. Schiemann (1937) studied hybridization of both the
diploid species vesca and viridis, x the hexaploid moschata. Similar to Lilien-
feld’s (1934, 1936) hybrid of moschata x nipponica (elnipponica), Dr. Schie-
mann succeeded in getting hybrids of moschata x viridis. These hybrids resem-
bled in most characters moschata and in F, bred more or less true. The auto-
hexaploidy of moschata, demonstrated by Lilienfeld, was confirmed by
Schiemann’s results, as was also homology between the genomes of viridis and
moschata.

Homology of the genomes of moschata with those of vesca was concluded
by Schiemann (1944) from a tetraploid hybrid (vesca x moschata) which pro-
duced normal pollen grains and had always fourteen bivalents in meiosis L.
Thus, the homology of the three diploid species vesca, viridis, and nipponica
could be established.

After 1945, Schiemann’s associate, U. Nurnberg-Kruger, took over the
hybrid material vesca x nilgerrensis, and G. Staudt started investigations on
taxonomy and geographical distribution of the genus Fragaria. The need for
an exact knowledge of taxonomy for the planned investigations on the
phylogeny of the genus resulted in an extensive collection of strawberries
from all over the world. Dr. Schiemann’s experiments, in which orientalis-like
plants originated in the F, of the pentaploid hybrid of vesca x moschata,
initiated G. Staudt’s investigations on the phylogenetic relationship and sex
differentiation of the tetraploid orientalis.

Open questions in the genus Fragaria was published in 1951 in which Dr.
Schiemann pointed out the main lines for further research: analysis of the
diploid species in Europe, of the genome relationship between the European
and Asiatic species, and analysis of the tetraploid orientalis, as the first steps
in a study of the evolution of the polyploid species.
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Schiemann’s latest paper (1958) dealt with a subfertile hybrid which had
originated in 1923 from F. x ananassa x virginiana. Besides having character-
istic teratological malformation of the leaves, the plants, propagated vege-
tatively, came to flower for the first time after sixteen years. From that year
on, the malformation of the inflorescences and flowers decreased.

G. Staudyt, a student of Dr. Schiemann, in Cytotaxonomy and Phylogenetic
Relationships in the Genus Fragaria (1959) concluded that American octo-
ploids were not derived from American vesca types, but may have come from
East Asia and may have been derived from East Asian vesca types. He suggests
that the octoploids virginiana and chiloensis were derived from different
ancestors. In a later paper, The Origin and History of the Large-fruited Gar-
den Strawberry in Germany, Staudt traced the introduction of virginiana and
chiloensis into Europe. He noted that the chiloensis plants “have no winter
hardiness” and that in many places no flowers developed. The Mapuche or
Huilliche Indians were the first to cultivate the strawberry in Chile. By 1759
x ananassa, the hybrid between virginiana and chiloensis was known. Staudt’s
Taxonomic Studies in the Genus Fragaria (1962) is a detailed study of Fragaria
of America and Europe. Six species are recognized: vesca (with 4 subspecies),
viridis, moschata, virginiana (4 subspecies), chiloensis (4 subspecies), and x
ananassa. Included in vesca are subspecies americana, bracteata and california.
Subspecies glauca, platypetala, and grayana are given for virginiana and sub-
species lucida, pacifica and sandwicensis for chiloensis.t

Genetic Studies at the University of Manchester—1950-1958

Under the leadership of Dr. S.C. Harland (Fig. 7-5) and assisted by Miss
Edna King, Miss M. Smith, Miss Thelma Smith and A.S. Islam, J.R. Ellis,
and J.K. Jones a major genetical research project on the strawberry was under-
taken along seven lines.

(1) Mildew resistance. Harland and Miss King (1957). Mildew susceptibil-
ity was found to be due to two dominant genes in the diploid F. vesca. Both
genes must be absent to obtain a resistant plant. In the F, of resistant x
susceptible a 15 to 1 ratio of susceptible to resistant was obtained. Cytoplas-
mic effects were noted: if the resistant plant was used as a female the F; was
less susceptible than in the reciprocal. When accidentally a haploid with only
seven chromosomes was obtained, it was immune to mildew, but when it was
doubled to a diploid form again, it was partly susceptible. When redoubled

1 Having grown hundreds of collections of virginiana and chiloensis, I prefer the botanical
classification given on pp. 122-123, as being most realistic. No subspecies are kept, for the
differences within the species are great in most areas. George M. Darrow.
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to become a tetraploid, it was still more susceptible. The most resistant of all
octoploids tested was a chiloensis from the Oregon coast.

(2) Studies in ploidy, J.R. Ellis, Thesis. (a) Commercial possibilities of
decaploids. Decaploids had been produced by Darrow and by Scott, by
obtaining 4x vesca, crossing it with cultivated octoploids to obtain hexaploids,
then crossing the hexaploids with octoploids and selecting out the ten-ploids.
Ten-ploids were then intercrossed and Scott raised several hundred seedlings
from which commercial types could be selected. Other methods of obtaining
decaploids were studied by Ellis, such as crossing 2x x 8x and doubling the
resulting 5% to a 10x, or crossing the 4x vesca with 16x virginiana and with
16x cultivated varieties (obtained by doubling the chromosome number of
virginiana and of varieties). The work had not progressed far enough to show
the most promising method.

(b) Octoploids with some vesca chromosomes. Two methods were planned
for obtaining octoploids from vesca and moschata—(1) doubling of chromo-
somes of vesca (2x) x moschata (6x) hybrids; (2) doubling of chromosomes of
4x vesca x moschata (6x) hybrids and then back-crossing to moschata. The first
method was found to be difficult and only one hybrid was produced, a very
vigorous octoploid. The second method was therefore followed. The cross 4x
vesca and moschata (6x) gave only vigorous pentaploids, all fertile males. Ellis
then theorized that moschata could have been derived from the allopolyploid
of 4x vesca x nubicola (2x) as Staudt had suggested. Moschata would then
contain 4 vesca genomes plus 2 others. The cross 4x (vesca) x 8x variety was
also used to obtain 6x; these were crossed with vesca (2x), and then doubled to
8x. Two methods of obtaining octoploids from vesca and cultivated varieties
were successful (see p. 109).

To obtain other kinds of octoploids, two methods were successful: de-
caploids were crossed with hybrid hexaploids, and hybrid tetraploids were
doubled. The first kind of octoploid was highly sterile and the second octo-
ploid types have not grown large enough to estimate their value. As Vilmorin
(1898) and many others had suggested, Ellis concluded that it was unlikely
that present octoploids had vesca in their immediate ancestry.

Ellis (1958) reported finding functional double unreduced gametes and
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suggests this as a possible way for moschata and virginiana and chiloensis to
have originated, with no intermediate polyploid types, from diploids native
to their habitat. Moschata would be derived from a double unreduced x,
a single unreduced gamete, to give 4x x 2x = 6x and the octoploids from
the union of two double unreduced gametes. He suggests the probable value
of an octoploid with vesca, moschata, and x ananassa parentage.

(8) Intergeneric crossing. Ellis (1962) reviewed crosses between F. vesca
and Potentilla made by others. Ellis obtained hybrids from the Sans Rivale
strawberry x Potentilla fruiticosa and x P. palustris. Surviving seedlings were
5x and 6x. They were both female and male sterile. 4x vesca x P. fruiticosa
seedlings were 8x. Octoploids x P. palustris (6x) were 7x with the most vigor-
ous resembling Fragaria. Their rose-pink flowers were male sterile and slightly
female fertile.

(4) Induction of haploids. No haploids have thus far been obtained. Islam
(1961) studied the accidental haploid plant obtained from a vesca X x anan-
assa and compared it with the parent vesca; it was smaller in all its parts.

(5) Genetics of perpetual flowering on the octoploid level. Harland and
Dr. Thelma Smith and Miss Margaret Smith, from a very limited crossing,
obtained a possible 9 perpetual-flowering to 7 normal ratio with the per-
petual being AB and the normal ab. Ellis then proposed that perpetuals x
normal selfed would give 9 AB:3 Ab: 8 aB to 1 ab; the perpetual-flowering
resulting from complementary genes AB.

(6) Propagation methods. Harland and Margaret Smith made a study of
rapid propagation by using small one-inch long pieces of roots and small
runner tips. The one-inch pieces of roots developed buds and made plants
very slowly.

(7) Selfing. Through selfing some varieties lost little vigor, others had
very weak progeny.

Effects of induced polyploidy: Islam, Jones, and Ellis found the constant
characters associated with chromosome doubling in strawberry to be:

(1) Thicker leaves with larger serrations;

(2) Reduction in the length to breadth ratio of leaflets; that is, rounder

leaflets;

(3) Increase in width of the basal angle of the terminal leaflet.

Islam in Possible Role of Unreduced Gametes in the Origin of Polyploid
Fragaria (1960) reviewed the pertinent literature, and from this and his own
studies concluded that “the frequent production of unreduced gametes may
have been the principal method of origin of polyploids in Fragaria.” Their
origin may be either the union of gametes with the full chromosome number
of one parent and the reduced number of the other, or with the full number
of both parents, called double non-reduction. As to the origin of tetraploids,
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Islam pointed out that Schiemann (1951) had noted 4x among the F, progeny
of the cross 2x viridis (= collina) x 2x vesca. Accordingly, Islam suggested
that the tetraploids orientalis and moupinensis may have originated through
hybridization between the two diploids with overlapping habitats followed
by chromosome doubling, or by the union of an unreduced with a double
unreduced from two diploids. He suggests the latter method as the origin of
hexaploids, for Lilienfeld (1933) obtained a hexaploid from the progeny of
the 4x hybrids between the 6x F. moschata (elatior) and the 2x vesca (nip-
ponica). Any of several diploid species may have been the progenitor of the
hexaploid species. Octoploids could have resulted by non-reduction from un-
discovered 4x or 6x (in crosses with diploids) American species, or by non-
reduction from the Asiatic orientalis or moupinensis and subsequent migra-
tion of the 8x to America. The first seemed most plausible.

Among other articles concerned with cytogenetical research with straw-
berries is 4 Contribution to the Question of Genome Relations in Some Spe-
cies of Fragaria, by N.A. Dogadkina, which reports that the cross vesca x x
ananassa resulted in few seedlings, only four of which flowered. Chromosome
behavior proved the homology of the genomes of vesca with one of those of
x ananassa. The cross orientalis (2n = 28) x elatior (moschata) (2n = 42)
was first made by Fedorova in 1932-33 in both directions. All the hybrids were
pentaploid and twenty-seven plants were at least somewhat fertile. It was
concluded that the two genomes of orientalis were homologous with two of
moschata (elatior), that all three of moschata were homologous, that is from
closely related species, but that moschata is not a true autohexaploid. Dogad-
kina points out that crosses made by Kihara (1930) and Fedorova (1934) indi-
cate that three of the genomes of x ananassa are homologous with those of
moschata. Fedorova obtained a tetraploid from vesca x moschata that indi-
cated homology of the genomes of vesca with those of moschata, so that at
least three of the x ananassa genomes seem closely related to that of vesca.
Fedorova suggests that orientalis is a link betwen vesca and moschata.

Chromosome Number

Cultivated large-fruited strawberries and the species Fragaria chiloensis,
virginiana, and ovalis from which they come, intercross freely and their
hybrids, with certain exceptions, produce fertile seedlings. But the culti-
vated varieties and the octoploid species from which they come do not readily
cross with diploid, tetraploid, and hexaploid species; seedlings of such crosses
are nearly or entirely sterile. However, this does not mean that the latter



08 The Strawberry

species should be dismissed from consideration as breeding material. These
other species need to be surveyed for qualities that might be useful in cul-
tivated varieties. Then, methods of transferring desired qualities to cultivated
varieties need to be found. Attempts were made as long ago as 1760 by
Duchesne to make some of such crosses, but even today we do not know for
certain of any successful attempts—success, that is, in terms of transferring
desirable qualities from these other species to large-fruited commercial sorts.
No progress was made along these lines until the hybrids were made by Der-
men and Darrow in 1944, and later improved by Scott (Scott, 1951). More
recently Lebedov in 1957 reported obtaining a hybrid of a cultivated variety
X moschata variety that produced well and Katinskaja in 1963 reported
obtaining useful sorts from cultivated varieties by vesca, by viridis, and by
moschata (see under Russia).

The barrier to hybridization in large part has been differences in chromo-
some number. There are now four natural species groups known, and the phe-
notypic classifications of strawberry species by botanists constitute classes within
these four groups. All such phenotypic classifications based on gross morphol-
ogy are placed under the four chromosome number groups—2x, 4x, 6x, and 8x.
There are in all about eleven strawberry species-classifications which seem to
rest upon important enough differences to be valid, although more than 45
have been described. These eleven belong to the botanical and chromosome
groups as follows:

Chromosome

Groups Species and Native Country Geneticist Reporting

Diploid: (14) 1. F. daltoniana —Asia Darrow, 1937

“ 2. F. nilgerrensis —South Asia Schiemann, 1951

" 3. F. nubicola - " Staudt, 1959

b 4, F. vesca —Circumpolar, north Africa, Longley, 1926
mountains of South America

" 5. F. viridis (= collina) —Central Europe Ichijima, 1926

Tetraploid: (28) 6. F. moupinensis —East Central Asia Staudt, 1951

“ 7. F. occidentalis - b Petrov, 1934

Hexaploid (42) 8. F. moschata (=elatior)—Central Evrope Longley, 1928

Octoploid (56) 9. F. chiloensis —Coast Alaska to central Cali- Longley, 1926

fornia, south Chile, moun-
tains of Hawaii
b 10. F. ovalis (=cuneifolia,
platypetala) — Western North America Ichijima, 1926
" 11. F. virginiana —Eastern  * b Longley, 1926

Some diploid species do intercross readily, but most hybrids have reduced
fertility. The two tetraploids are said to be interfertile and their hybrids fully
fertile. The three octoploids are entirely interfertile.
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Diploids (2n — 14)

F. daltoniana is a little known, small, one-flowered species of South Asia.
Its chromosome number is reported as diploid; botanically it belongs in the
first group and its response as a parent places it there. The other four species
in the diploid group (2n = 14) have in general small, usually thin-leaved
plants which bear smaller berries than plants with higher chromosome num-
bers. Nilgerrensis is a many-seeded, tasteless, or ill-flavored species with white
flattened berries on erect pedicels. Though vesca x nilgerrensis are usually
dwarfs, Nurnberg-Kruger (1958) reported normal seedlings. Nubicola is similar
in gross appearance to vesca, but hybrids with vesca are usually sterile. Vesca is *
of interest for its wide distribution, its aromatic, high-flavored berries, and its
everbearing forms. Viridis has hard to cap, good-flavored, firm fruit. Though
known for three hundred years, it has so far furnished no good garden
varieties.

Triploids (2n = 21)

A single vigorous sterile triploid was found in eastern Oregon in 1949. It
was collected by R.C. Rosenstiel and the chromosome count made by H.
Dermen (unpublished). It resembled 4x vesca and probably resulted from
the union of an unreduced with a reduced gamete of a diploid vesca. Triploids
have been obtained by Dermen and Darrow from 2x x 4x crosses (Dermen
and Darrow, 1938, Fig. 7-6).

Tetraploids (2n = 28)

Moupinensis and orientalis are hardy species of West and North China,
Korea, Manchuria and Siberia. They undoubtedly have arisen from diploids,
probably from crosses of two diploid species. Spontaneous tetraploids are
known to arise from crosses of the diploids viridis x vesca and they resemble
orientalis. Tetraploids have been produced from vesca (1) by using colchicine,
(2) by crossing vesca (bracteata) x vesca (rosea) (Yarnell, 1929), (3) by crossing
vesca X moschata (Mangelsdorf, 1927), (4) by crossing moschata x vesca (nip-
ponica) (Lilienfeld, 1933, 1936), (Schiemann, 1951), and (5) by crossing vesca
x virginiana (East, 1933, 1934).

Pentaploids (2n — 35)

Very vigorous sterile pentaploids (chiloensis x vesca) (Bringhurst, 1964)
have been found in the wild on the coast of California. Pentaploids from



Fic. 7-6. A triploid vesca obtained by Fic. 7-7. A pentaploid obtained by cross-
doubling the chromosome numbers of ing vesca 2x with Dorsett. Such hybrids
vesca and crossing back to the diploid wusually are entirely sterile.

vesca.

vesca X octoploids have been produced by Fedorova (1932), Dermen and Dar-
row (1938, Fig. 7-7), Scott (1951), Yarnell (1931a), Islam (1954), Ellis (1958),
and by Mangelsdorf and East (1927). The latter also obtained pentaploids
from vesca (both americana alba and rosea) x ovalis (glauca) and from vesca
(bracteata) x virginiana. None that flowered was fertile. Usually the recipro-
cal cross of the octoploid x diploid fails entirely. However, in an attempt to
produce apomictic seedlings of the Fairland and Temple varieties by pol-
linating with vesca, Darrow (unpublished) obtained a very large number of
seedlings, all of which were vigorous true hybrids and set at least a few seeds.
Only one had a fair development of fruit. Ellis obtained pentaploids from
crosses of vesca x moschata, all very dwarf; from tetraploid vesca x moschata,
all vigorous and all males; from vesca (2x) x chiloensis, virginiana, and X
ananassa (Ellis, 1958).

Hexaploids (2n = 42)

F. moschata (Plate 7-I), the one hexaploid, is cultivated slightly in the gar-
dens of Europe because of its vigorous plants and very vinous-flavored fruit.
It may have originated by natural crosses of vesca x viridis or vesca x nubicola
(Staudt, 1959), unreduced pollen or eggs of one parent furnishing the two
extra sets of chromosomes, followed by doubling of the resulting triploids.
Hexaploids have been produced by crossing cultivated varieties with 4x vesca
(Scott, 1951) (34 seedlings) and by the reciprocal 4x vesca x octoploids vir-
giniana, chiloensis, and cultivated varieties (Dermen, 1938-1939, unpub-
lished) (Figs. 7-8, 7-9), (Ellis thesis, 1958), (Islam thesis, 1954), (Kluge, 1959).

Heptaploids, Seven-ploids (2n — 49)

These have been obtained by Scott and Darrow from (F. x ananassa x 4x
vesca) X x ananassa and, although one was selected for its fertility, it was
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Fic. 7-8. A sterile hexaploid (6x) obtained
by crossing a tetraploid vesca with Dorsett.
Rarely is it possible to obtain any seed
from such a hybrid. (See Fig. 5-9)

finally discarded (unpublished). Ellis (1958) obtained seven-ploids from the
8x cultivated varieties x 7x hybrids and the reciprocal.

Octoploids (2n = 56)

Most cultivated varieties are octoploids and descendants of chiloensis and
virginiana. A few varieties have F. ovalis in their ancestry also. The octoploids
are native to the Americas and the Hawaiian Islands. Together they have
the characters that by intercrossing have provided the basis for the present
large strawberry industry. Dermen obtained an octoploid by doubling and
redoubling an Alpine vesca by using colchicine (Fig. 7-11).

To synthesize octoploids from lower chromosomal species, Ellis has sug-
gested crossing hexaploids with pentaploids and looking for 8x seedlings
from a union of hexaploid pollen, or egg, with unreduced pentaploid pollen,
or egg. Other ways he suggests are:
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F16. 7-9. Nos. 3504 and 3502 are selections from a cross of US-1798 (a pistillate selec-
tion of Ettersburg 904 x Howard 17 (Premier) with a tetraploid Fragaria vesca.
They have 6 sets of chromosomes, 4 sets from US-1798 and 2 from a 4x vesca. When
these were crossed with cultivated varieties, some seedlings were quite fertile and were
found to have 10 sets of chromosomes, 2 from vesca and 8 from cultivated varieties.
The 10x seedlings had the vesca fragrance. (See Plate 7-2)
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F16. 7-10. Three methods of obtaining decaploids and octoploids to combine the
flavor and high aroma of the European wood strawberry with the size, flavor, and
productiveness of the present cultivated varieties. Method A has been used by
Darrow, Scott, and Dermen. Methods B and C have been tried by Ellis. See Fig. 7-11
for another method used by Dermen.
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2x x 6x, looking for non-reduction in both parents.

2x x 6%, looking for normal reduction division, but the 4x doubling in the
embryo or by colchicine (Plate 7-2b).

2x x 6%, looking for normal reduction division to obtain a 4x, followed by
unreduced egg and pollen uniting.

2x x 8x — bx (unreduced) x 2x — 6x x 5x (unreduced) —— 8x.

2x x 8x ——— 5x (unreduced) x 2x — 6x x 2x — 4x (unreduced)
and doubled —— 8x.

2x x 8x —— bx (unreduced and doubled) x 8x —— 14x x 2Xx ——
8x.

Ellis obtained octoploids from 6x (4x vesca x F. x ananassa) x 10x (4x
vesca x 16x of cultivated). These octoploids were mostly vigorous and

Fic. 7-11. An octoploid obtained by Fic. 7-12. An octoploid with 4 sets of
doubling and redoubling the chromo- chromosomes from vesca and 4 from the
some number of the everbearing Alpine Dorsett variety obtained by H. Dermen.
vesca. The plant was quite fertile.

Fi1c. 7-13. A decaploid produced by Der- Fic. 7-14. A 12-ploid produced by Der-
men by doubling the chromosome num- men by doubling the chromosome num-
ber of a seedling of a 5-ploid Fragaria ber of a seedling of 4x vesca x Dorsett by
vesca (2x) x Dorsett (8x). colchicine treatment.
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highly sterile, completely female sterile, producing anthers with 3 per cent
good pollen. Another octoploid was obtained from 2x vesca x hybrid hexa-
ploid and the seed treated with colchicine to double the chromosome num-
ber. Fertility of the plant was not given. One octoploid was obtained from
colchicine treatment of seed from vesca x moschata but this cross was
not promising. Fedorova (1946) obtained octoploids, some of which were
fully fertile, from selfing a partially fertile 7x seedling of F. x ananassa x
moschata. Dermen (1938, unpublished) obtained a fertile octoploid by cross-
ing Dorsett with an 8x vesca obtained by colchicine treatment of 4x vesca
(Fig. 7-12).

9-Ploids (2n = 63)

No naturally occurring plants with chromosome numbers higher than
fifty-six have been found. Scott obtained thirty-five plants all with sixty-three
chromosomes (nine-ploid) from a ten-ploid x eight-ploid cross (1951). They
were vigorous, but most were only slightly fertile. Another similar cross pro-
duced eighteen seedlings which were likewise only slightly fertile and he con-
cluded that nine-ploid seedlings would be of little value. Fedorova (1946)
and Ellis (1958) also obtained nine-ploids.

Decaploids (2n = 70) .
Decaploids have been obtained by several methods:

4x vesca x 16x virginiana
4x vesca x 16x of cultivated varieties

6x (vesca 4x x cultivated varieties) x 8x varieties (see Fig. 7-8 and Plate
7-3b).

Dermen (1938, unpublished) from the cross 2x vesca x 8x Dorsett variety
obtained fully fertile 10x seedlings by colchicine treatment of seeds. He also
obtained a decaploid by doubling the chromosome number of a seedling of a
vesca x Dorsett (Fig. 7-13). Ellis (1958) reported obtaining five ten-ploid seed-
lings by treating with colchicine 2x vesca x virginiana and x chiloensis, and
twelve twelve-ploid seedlings following treatment of 4x vesca crossed with the
same species. The vesca x virginiana decaploids were highly fertile. In 1942
at Beltsville, Md., nearly sterile hexaploid seedlings (Fig. 7-8) (8x pistillate
variety x 4x vesca) were crossed back to cultivated varieties (Fig. 7-9) and over
seven hundred and fifty seedlings raised. About two hundred flowered in 1943.
Seven of the more fertile were saved, of which Scott found one partially fertile
with 2x = 49 (seven-ploid) and six fully fertile with 2n = 70 (decaploid)
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chromosomes. Most of the seedlings had spongy fruit like vesca, with large air
spaces, and only six were selected for their large, firm fruit.

Scott (1951) repeated the cross octoploid variety (Midland) x 4x vesca
and obtained eighteen probable hexaploids along with eight counted ones
and eight octoploids; from a cross of an octoploid with two of these hexa-
ploids he obtained thirty probable and twenty-three counted seven-ploids,
eight octoploids, six decaploids, and one eleven-ploid; and from a decaploid
x decaploid cross he obtained fifty-one probable and twenty counted de-
caploids. Decaploids x octoploids gave twenty-six probable and nine counted
nine-ploids. Most of his hexaploids were very vigorous and failed to blossom
or were sterile. He assumed that the ten-ploids originated as six unreduced
gametes of the hexaploid uniting with the four reduced number of the octo-
ploid (28) to make ten-ploid. Though he assumed that the fully fertile octo-
ploid seedlings of his crosses resulted from self contamination, they may have
resulted by apomixsis due to failure of the first reduction division of the egg-
mother-cell.

Most interestingly, Scott, out of fifty-two fully fertile decaploid seedlings,
obtained twenty-nine seedlings with a high per cent of good pollen. The
plants were indistinguishable in foliage and growth habit from cultivated
varieties. Although the fruit of most decaploid plants was spongy, all final
selections had firm fruit with the high aroma of vesca; the fruit was not as
large as that of the newer cultivated varieties. These decaploids had fourteen
chromosomes from vesca and fifty-six from the cultivated octoploid. Fedorova
(1946) also reported fertile decaploids.

It seems obvious, therefore, that it is entirely possible to breed decaploid
strawberries with the high aroma of vesca. Breeding can be continued on the
decaploid level by the continued combining of 2 genomes of vesca with 8
of the cultivated, while using different octoploid ancestors to increase the
array of decaploids (Plate 7-3a).

16-ploids

Seedlings of cultivated octoploid varieties and of virginiana and chiloensis
have had their chromosomes doubled to sixteen-ploids (Dermen and Darrow,
1988, Ellis, 1958). The 16-ploids of Ellis were hybridized with 4x vesca to
obtain decaploids (see above). From colchicine treatment of seedlings of
varieties crossed with chiloensis, Hull (1960) reported obtaining eighteen
chimeral sixteen-ploid seedlings whose second apical cell layer was affected
in sectors and nine seedlings where the second layer was affected in the entire
crown. In a comparison of plants having sixteen-ploid at least in the second
apical layer, with plants of the same seedlings having eight-ploid in the sec-
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ond layer, the sixteen-ploid had larger fruit, indicating a possible advantage
of breeding at the sixteen-ploid level. Ellis (1958) obtained four sixteen-ploid
selfed seedlings of chiloensis, five of virginiana, and three of cultivated varie-
ties. The sixteen-ploid selfed chiloensis seedlings were very vigorous while
those of selfed virginiana and of octoploid varieties were slower in growth.
Seedlings of sixteen-ploid Huxley seedlings were, however, comparable in
vigor to the normal Ettersburg 80 (Huxley). Dermen’s (1938 unpublished)
sixteen-ploid was from treating Dorsett seedlings with colchicine (Fig. 7-15).

Other chromosome numbers

"Scott obtained one seedling with seventy-seven (11 genomes) chromo-
somes—an unreduced octoploid uniting with three sets from a reduced hexa-
ploid. The seedling was only partially fertile and was less vigorous than the
decaploids. Fedorova (1934) reported 7-, 8-, 9-, 11-, 12- and 14-ploids from F. x
ananassa X moschata and 13x from the 7x crossed back to moschata. Ellis ob-
tained three 11-ploid from a 6x hybrid x a 10x hybrid (vesca x F. x ananassa).
Scott failed to find any aneuploids, but Ellis obtained odd chromosome num-
bered seedlings from the cross 4x vesca x 16x virginiana, most of which were
stunted. He obtained 15-ploids from 5x x 10x (vesca x F. x ananassa), 18-ploids
from 5x (unreduced) x 16x x F. x ananassa. Islam (1954) reported 12x, 18x, and
14x seedlings from open-pollinated F, of vesca x Bradley Cross (8x). Fedorova
(1946) reported obtaining 12-ploid and 14-ploid from the selfed seedlings of
F. x ananassa x moschata. Dermen (1939, unpublished) obtained a sterile
12-ploid (4x vesca x Dorsett) (Fig. 7-14), a fertile 32-ploid (of a 16-ploid Dor-
sett seedling) by colchicine treatment (Fig. 7-16).

Chromosome doubling

Chromosome doubling of germinating seedlings, especially of diploids,
has been quite successful. Dermen and Darrow (1938) obtained tetraploid
vesca by treating germinating seedlings with 0.2 per cent colchicine solution
for twenty-four hours. A sixteen-ploid seedling of Dorsett was obtained by
treating seedlings for five and six hours. Hull’s sixteen-ploids resulting from
colchicine treatment of seeds were chimeral. Ellis reported (1958) that 78 per
cent of the surviving treated seedlings of vesca were tetraploid. He used 1
percent colchicine for twenty-four hours.

Octoploids or Decaploids
Ellis (1958) concluded that hybridization between the induced polyploid



Fic. 7-15. A 16-ploid strawberry result-

ing from doubling the chromosome num-  doubling of the chromosome number of a

ber of a seedling of Dorsett. seedling of the 16-ploid Dorsett seedling
with doubled chromosome number.

forms of vesca and cultivated varieties was a very favorable method for pro-
ducing ten-ploids. Though Ellis pointed out that the ten-ploids of both Scott
and himself produced smaller fruit than that of the present octoploids, this
does not seem to warrant any conclusion as to the possible size of fruit borne
by decaploids. The size of present cultivated varieties is the result of selection
of the larger-fruited sorts from millions of seedlings and, given as long and
as extensive a program, just as large-fruited decaploids with vesca aroma
might be obtained as easily.

It would also seem entirely possible to obtain octoploids with the strong
aroma of vesca, or of moschata, so that, by their use as intermediaries, stronger
aroma could be transferred to cultivated varieties. This would seem more
logical than the origination of separate groups of decaploid and octoploid
varieties indistinguishable in appearance. Results so far indicate that dec-
aploid x octoploid crosses would be sterile or nearly sterile, so that breeding
would have to be continued within the separate groups. Far less confusion
would result if all varieties were decaploid or octoploid.
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The Strawberry Species

IN THE PRECEDING CHAPTER, results of genetical research with the strawberry
are given; the four chromosome groups of species are described; and hybrids
derived in various ways but having other chromosome numbers also are dis-
cussed. The subject of the two parts of this chapter is one of a narrowing scope
of concern: the eleven species, placed in the four chromosome groups, are
described in terms of gross morphology, then attention is focused on the three
species out of the eleven, which compose the genetic source of the modern
strawberry. Much of the material in this discussion of necessity must
be of a technical nature. The modern strawberry is chiefly the result of
crosses between two octoploids, with slight infusion of some characters of a
third. These octoploids presumably came from ancient diploids, whether by
doubling with unreduced gametes to tetraploid, and then doubling again to
octoploid, or by some other process. Certainly the strawberry was not always
the highly heterozygous plant that it now is. A trend to greater complexity
and adaptability associated with higher polyploidy is evident. Out of the
array of technical detail, patterns can be drawn; the causes of present weak-
nesses and reasons for the modern strawberry’s strength can be traced to
earlier sources.

Wild Strawberry Species of the World*

The genus Fragaria Linn. belongs to the Rose Family (Rosaceae, subfam.
Rosoideae, tribe Potentilleae) along with its closest allies, Duchesnea Smith
and Potentilla L. The wild species of strawberries fall into four groups, cor-

* By Clyde F. Reed, botanist, Crops Research Division, Agricultural Research Service, U.S.
Department of Agriculture, Beltsville, Maryland.
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related with their chromosome numbers, these being five diploids, two tetra-
ploids, one hexaploid and three octoploids. Until recently (Ellis, 1961, Nature
190: 968) when sterile plants resulted from crosses with species of Potentilla,
no certain hybrids with other plants had been obtained (though Burbank
reported crosses with raspberries, Rubus).

The cultivated varieties of commercial strawberries are almost all octo-
ploids and are derived chiefly from the octoploids F. chiloensis and F. vir-
giniana, usually recognized as F. x ananassa. A few have octoploid F. ovalis
in their ancestry. A few “musk” varieties from the hexaploid F. moschata are
grown very slightly, chiefly in Europe. A few of the very small-fruited, highly
aromatic diploid varieties, derived from the European F. vesca and its ever-
bearing form F. semperflorens, also are grown slightly. No cultivated varieties
have come from the two tetraploid species, F. orientalis and F. moupinensis of
Asia; none from the diploid species F. daltoniana, F. nubicola and F. nilger-
rensis of India and Southeast Asia; none from the diploid F. viridis of Europe.
The diploid species are the least variable and the octoploid, the most variable.

Many other strawberries have been described as new species, but most of
them fall within the ranges of variability for the eleven species described
below. The genetics and hybridity is unknown for most of these “species” at
the present time and the exact placing of these species must await more exten-
sive study and breeding.

Diploids — 2n = 14 chromosomes

1. F.vesca L., 1758. (Sp. Pl., 494, Fig. 8-1). Wood Strawberry, Frais. des bois.
This is the common wild woodland strawberry of Europe and Asia. It is
the most widely distributed species of the genus, being circumpolar,
appearing throughout Europe, northern Asia, North America and north-
ern Africa. At present at least it is found southward in its botanical varie-
ties at the higher elevations in the mountains of the West Indies, Mexico
and South America. Map 8:1.

Plants are erect, 15-30 centimeters high, with runners; leaves are thin and
light green with slender petioles, glabrous or becoming so above, lighter col-
ored and lightly silky-hairy beneath, at least on the veins; leaflets are nearly
sessile, rather small, relatively narrow, cuneate-ovate to rhombic-ovate with
large sharp serrations; petioles and peduncles have few but generally spread-
ing soft hairs; inflorescence is small, on usually tall inflorescences, equaling
or exceeding the leaves, forking; flowers are about 1.3 centimeters in diameter,
bisexual; fruit is hemispherical (in the type and seedling raised) flesh ex-
tremely soft, pulpy, generally aromatic to highly aromatic; seeds are small,
raised, very prominent; calyx is reflexed, widely spreading.
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3. Fragaria virginiana 7. Fragaria moupinensis
4. Fragaria ovalis 8. Fragaria nubicola
5. Fragaria chiloensis 9. Fragaria daltoniana
6. Fragaria orientalis 10. Fragaria viridis

11. Fragaria moschata



FiG, 8-1. F. vesca. (by Duchesne) Fic. 8-2. F. vesca semperflorens.

Many allied species or varieties have been proposed, but they vary from
the type only slightly: var. californica (Cham. & Schlecht., 1827) Staudt, 1962,
with leaves silky below; F. mexicana Schlecht., 1839, with cuneate or oblong-
obovate leaflets; ssp. bracteata (Heller, 1898) Staudt, 1962, and F. insularis
Rydb., 1908, with the calyx spreading; ssp. americana (Porter) Staudt, 1962,
with ovoid or subconic fruit red, occasionally white, with sub-appressed hairs
on the peduncles and pedicels; var. eflagellis (Duch.) Ser., in DC., 1825, run-
nerless; F. semperflorens (Duch.) Ser. in DC., 1825, both runnered and runner-
less (Alpine), flowering all summer; var. monophylla (Duch.) Ser. in DC,,
1825, with a single leaflet; var. muricata (Duch.) Ser. in DC., 1825, with petals,
stamens and pistils leafy (may be due to Aster yellows virus); var. multiplex
(Duch.) Ser. in DC., 1825, with petaloid stamens.

Some forms, as semperflovens, helleri (Holz in Coult., 1896, Fig. 8-2) and
monophylla, are known to differ by single genes from the typical vesca.
Though not greatly variable genetically, Fragaria vesca is very adaptable and
is the most widely native and naturalized of all the species of strawberries.
The three most notable qualities for this strawberry are its adaptable plant,
its highly aromatic fruit and its everbearing character. Its most undesirable
characteristic is its extremely soft fruit, with large intercellular air-spaces
throughout the berry. Map 8:1-1.
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2. F. viridis Duch., 1766. (Hist. Nat. Frais., 135). (Syn.: F. collina Ebhrh., 1792,
F. bifera Duch., 1790, Fig. 5-5). Capitan, Breslinge, Green strawberry. This
species is native to most of Europe and to eastern (Caucasus) and central
(Siberia) Asia; Canary Island, in open grassland hills, steppes, small forest
areas and in brush. Map 8:2-10.

Plants are slender, with no or very few, short runners without nodes; leaves
are deep green, silky beneath, thin, ovate to elliptic with curved and smaller
teeth than vesca; inflorescence is erect, small; flowers are perfect, much larger
than those of vesca, the petals are overlapping, usually somewhat yellowish-
greenish when opening; stamens are longer and the anthers are larger than
in vesca; fruit is green, greenish-white to red (in the sun) when ripe, small,
the flesh firm, aromatic; achenes are set in pits; calyx is relatively large, long,
hard to separate and clasping as in ch:loensis, epicalyx spreading.

This species is native to grassy meadows and steppes and forest edges.
Plants resemble F. vesca in general appearance. It commonly reflowers in fall,
Though slightly variable, it seems rather distinctive and has no apparent
characters that would improve present cultivated sorts, unless it may have a
different everbearing or photoperiod response. Its firmness should be surveyed
for new genes for that character. It is said to thrive on calcareous soils better
than most species. Map 8:2-10.

3. F. nilgerrensis Schlecht., 1857. (ex J. Gay, Ann. Sci. Nat. 1V, 8:206, Fig.
8-3). This vigorous species is native to southeast Asia from the mountains
of the Philippiﬁes and central southern China (Yunnan, Hupeh, Szech-
man, Mingtsze) across to India, especially the hill region of southern India.
Map 8:1-2.

Plants are often very robust; runners, petioles and peduncles are covered
with long stout spreading hairs; leaflets are petiolulate, thick and rugose,
round to obovate, small to medium, small serrations, very pubescent on leaves

Fic. 8-3. F. nilgerrensis, a 7-chromosome
species of southern Asia. It is white-fruited,
many-seeded, rather tasteless, and nearly
sterile in crosses even with other 7-chromo-
some species.




Fic. 8-4. F. Daltoniana from the
Sikkim Himalaya area.

and petioles, dull green; inflorescence is small, three to four large flowers,
white with a pink blush; stamens are short, pistils are very numerous; re-
ceptacle is large, flat; fruit is subglobose or depressed, white with a pale pink
tint, tasteless to unpleasant, small, borne on erect pedicels; seed is small,
numerous, set close together and in pits; calyx-lobes are large, often clasping,
entire, spreading or suberect in fruit; forms with scarlet instead of white
flowers and large instead of small fruits are known.

Little is known of the physiological characters of this species, such as its
photoperiod and temperature responses. Its native distribution suggests it
as one possible parent of Duchesnea indica, the false strawberry. Its large num-
ber of small seeds per fruit also suggests its value in breeding for large fruit,
using as the other parent a variety with large fruit to furnish the most hor-
mone per seed for swelling. Attempts to cross this have usually resulted in
failure or in dwarf plants that do not fruit. However, in 1941 Nuremberg
(1959) crossed vesca and nilgerrensis and obtained eleven normal and seven
dwarf plants. Backcrossed to nilgerrensis he obtained seventeen hermaphro-
dites, four pistillate and seven male or sterile plants.

This diploid seems to have a tetraploid counterpart in most of its morpho-
logical characteristics in F. moupinensis from farther north and eastward (in
China mainly). Some specimens from China (W. Hupeh) are huge (up to one
foot tall with larger leaves and runners two feet long) and may prove to be
octoploids of F. nitlgerrensis.

4. F. daltoniana J. Gay, 1857. (Ann. Sci. Nat. IV, 8:204, Fig. 8—). This spe-
cies is native of Sikkim Himalayas at 10,000 to 15,000 feet. Map &§:2-9.
Plants have filiform runners, slender, hairy to nearly glabrous; leaflets are

petiolulate, with few teeth; flowers are solitary; calyx lobes are toothed and

bracteoles toothed, spreading in fruit; fruit is elongate-ovoid, or fusiform,
often nearly 2.5 centimeters by 1.3 centimeters broad, bright scarlet, but with

little flavor. Map 8:2-9.
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This species seems to have only its relatively large fruit size and possible
hardiness to recommend it to breeders.

5. F. nubicola Lindl,, ex Lacaita, 1916. (Jour. Linn. Soc. Bot. 43:467). This
species is native of the temperate Himalayas, 5,000-13,000 feet elevation.
Map 8:2-8.

This species is described as being nearest F. viridis, although the specimens
seen resemble F. vesca. Hooker (1879, F1. Brit. India, 2:344) considered this
species as a variety of F. vesca. Staudt (1959) by experimentation showed that
nubicola was incompatible with vesca, and considered it a separate species.

Plants are slender, silvery, nearly glabrous, runners filiform, hairs on the
petioles and the few-flowered peduncles densely silky appressed; calyx-lobes
are narrow, spreading in the fruit.

No desirable characteristics for breeders have been noted.

Tetraploids — 2n — 28

6. F. moupinensis (Franch.) Card., 1916. (Bull. Mus. Nat. Hist. Paris, 22:397—
398). Based on Potentilla moupinensis Franch., 1885 (1886). This is a spe-
cies of eastern Tibet (Moupine), Yunnan and western China. Map 8:2-7.
The range of this species lies between that of F. orientalis to the north, of

F. nilgerrensis to the south and of F. nubicola and F. viridis (F. collina) to the
west. In leaf characteristics it is very similar to F. nilgerrensis and may repre-
sent a tetraploid form of that diploid species. Franchet had suggested that it
resembled F. collina (F. viridis, a diploid), in which case it may be a tetra-
ploid of that species. In this case the distribution of F. viridis would be ex-
tended eastward from central Siberia into western China.

Plants are slender; rhizome is short, stoloniferous; radical leaves are trifoli-
ate, sometimes pinnately quinquefoliolate, with smaller leaflets on the petiole
below, sericeous beneath, glabrous above; floriferous stem is more or less
longer than the leaves, hirtellous, often two-flowered, sometimes as many
as four-flowered, the peduncles are often with a smaller simple leaf or sub-
tended by a bract, appressed sericeous; calyx is laciniate, the lobes are lanceo-
late-linear; petals white, subrotund, about twice as large as the calyx.

Although we know this species to be a tetraploid, its culture and cultiva-
tion in China is not too well known. More study and breeding of this species
is needed before it can be properly evaluated.

7. F. orientalis Losinsk., 1926. (Bull. Jard. Bot. Princ. U.R.S.S., 25:70-72,
Fig. 8-5a, 8-5b). This species lives in the forests and open mountain
slopes, frequently in stony soil, of western Siberia, Mongolia, Manchuria
and Korea. Map 8:2-6.



FiG. 8-ba. Plant of F. orientalis (from Manchuria) (2n = 28),
with inflorescences which apparently started as runners, the
tips of which were transformed into flower buds. Photo Sep-
tember 15, 1927.

Plants (in type) are only 3.8 centimeters high, the runners, long and slen-
der; leaflets are ovate, rhomboid-shaped, with silky hairs below, almost ses-
sile, with six to nine large, deep teeth on each side; inflorescence is few-flow-
ered, bract at base of two to three leaflets; flowers are large, 2.5 to 3 centimeters,
usually perfect, pedicel thick with thick spreading hairs; petals are up to 1
centimeter long, rounded, overlapping; sepals are tightly haired, lanceolate,

F16. 8-5b. Berries of orientalis
picked in the mountain near
Hingan, Manchuria.
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outer sepals linear-lanceolate, shorter than the petals, clasping; fruit is conical
or round, red; seeds are sunken.

Its distribution in the cold dry areas of Asia suggest its hardiness and
drought resistance. It is sometimes fall-fruiting in Maryland. Petrov, who
found this species to be a tetraploid, later obtained an octoploid by col-
chicine treatment. This strawberry is used fresh in the Far East, but its culture
is unknown.

Hexaploid — 2n — 42

8. F. moschata Duch., 1766. (Hist. Nat. Frais., 145, Fig. 8-6). (Syn.: F. elatior
Ehrh., 1792). Musk, Capron, Capiton, Hautbois Strawberry. This species
of strawberry grows in forests, under shrubs, in shaded places, in tall grass.
It is found from Scandinavia and Atlantic Europe, eastward through
central and eastern Europe (Volga, Dnieper, Don regions), and into Rus-
sia, Siberia (Region of Amur). Map 8:2-11.

Plants are vigorous, 10 to 40 centimeters tall, runners none or very few,
even more vigorous than many virginiana and chiloensis clones; plants are
dioecious but cultivated varieties usually perfect-flowered; leaves are broad,
rhombic, strongly veined, rugose and very hairy; inflorescence is tall, umbel-
like usually above the foliage; flowers are large, 20 to 25 millimeters in diam-
eter; fruit is larger than in vesca, light red to dark dull brownish or purplish
red, even greenish-red, irregular-globose (to ovoid), aromatic, strongly vinous
or musky; achenes are raised; calyx is strongly reflexed.

Schiemann (1937) reported that hybrids of moschata and viridis are
tetraploid and fully fertile and can hardly be distinguished from moschata.
Most hybrids with the octoploid virginiana are completely sterile, but a small
percentage of the seedlings produces fruit and a few seed, and such seedlings
look like moschata. This species is very hairy, has great plant vigor, very large
flowers and the most aromatic fruit of all. It has been cultivated to some
extent since about A.D. 1600 for its vinous flavored fruit, liked by some, dis-
liked by many. It is like the muscat grapes, which, with a slight muskiness,
are considered by many the most delicious of grapes, but seedlings of which
may have such a strong flavor as to be inedible. Notably most of the berries
ripen together in F. moschata.

Octoploid — 2n — 56

9. F. virginiana Duch., 1766. (Hist. Nat. Frais., 204, Fig. 5-6). Scarlet or Vir-
ginian strawberry. This is the meadow strawberry of eastern North Amer-
ica from Louisiana and Georgia to Hudson Bay and the Dakotas. It is an
octoploid with fifty-six chromosomes while the only other species of
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eastern North America is the diploid, F. vesca ssp. americana (Porter)

Staudt, 1962 (Canad. Jour. Bot. 40:872) found in woodland and shady

places from Newfoundland and Manitoba south to Virginia, a much more

slender plant. Map 8:2-3.

Plant is from a subsimple caudex at end of a simple rhizome, making
runners early; leaves are relatively thick, medium to dark green, usually
petiolate, coarsely toothed, obovate to oblong; petioles are with spreading
hairs; terminal leaflet is 1.5 to 10 centimeters long, with four to eight pairs
of teeth; inflorescence is variable, basal to high branching, hairy; fl